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DMcr^ion 

TECHNICAL FIELD 

The present invention relates to novel human insulin analogues exhtbit'ng a low ability to associate in solution, a 
method for the preparation of such insulin analogues* Insulin preparations containing the human Insulin analogues of 
the Invention and a method of treating Diabetes IMellltus using these human insulin analogues. 

BACKGROUND fiJRT 

Ever since the discovery of insulin in 1922 many different types of insulin preparations have been used tor the 
treatment of Diabetes meilrtus. At the beginning exclusively insulin solutions exhibiting a rapidly commencing and 
ratativety rapidly ceasing insulin activity were used, but later on Insulin preparations exhibiting a wider profile of activity 
procured by lowering the solubility of insulin by means of additions as e.g. zinc salt and/or protamines have been 
produced. For reasons of availability the insulin used herefor has normally been recovered from ParKreas from do- 
mestic animals, most frequently oxes, pigs and sheep, however, recently preparations containing human insulin of 
biotechnological origin have also appeared on the market. 

The structure of human Insulin Is shown In the following formula 
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A-Chain 

8 s 

I 7 I 
ll-Gly.Il«.ValHSlu-Gln-Cy8-Cys-Thr->Ser-Ile-cy8-Ser<- 
1 2 3 4 S 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

I 

H-Pha^Val-Afln-Gln-Hls^Lau-Cys-Gly-Ser-Kls-Leu-Val 
123456789 10 11 12 



A-Chain (contd.) 

20 

Lau-TyrHSln-Lau-Cltt-Asn-Tyr-Cya-Aan-OH 
13 14 15 16 17 18 19 | 21 

I * 

B-^Chain (contd*) 5 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-61u-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



B-Chain (contd.) 

Phe-Tyr-Thr-Pro-Lys-Thr-OH 
25 26 27 28 29 30 

The maulhs from certain domestic animals are very similar m structure to human insulin. Thus dog and pig Insulin 
differ from human Insulin only Isy containing Ala in position 30 in the B-chatn and tatibli insulin only by containing Ser 
in the same position. These insulins may be converted into human rauiin by replacement of the B30-amino acid residue 
with Thr by semisynthetic procedures as described by Morlhara et al, Nature 290 (1 979), 41 2-41 3 and Atecussen (US 
Patent N . 4.343.898). 
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When such an insulin is dissolvad at physiologjcal pH value a concentration-dependant association equilibrium is 
established between niononrieric, dimeric, tetrameric. hexannerlc and even pofymeric Insulin. The equilbrlum can e.g. 
be determined by ultracentrilugation, by osmometry or by gel filtration methods, vide e.g. R. VaUes Jr. arxi G.A. Ackers, 
'Methods in enzymology*. vol. 61 (Enzyme Structure, part H. eds.: HIrs & Timasheff), Academic Press 1979, pages 

5 125-142. In nomnai toimulations of insulin preparations this equilibration is shifted in such a way that the nsulin t a 
very high degree is on a hexameric fomi. 

Substitutions in the Insulin molecule can be Introduced with the purpose of improving the profile of activity of the 
insulin in the treatment of Diabetes. Thus, Published Intemational Application No. WO 86/05497 discloses that one or 
more substitutions of Qlu in the insulin molecule by a neutral amino acid residue causes a shifting of the zone of 

10 precipitation of the rtsutin in such a way that a slow release after injection is obtained. 

Moreover, Published European Application No. EP 214 626 discloses insulin analogues being particularly rapidly 
absorbed after injection. This effect is a result of the fact that by means of certah substitutions in particular in the 
B9-B12 region and in the B26-B26 positions in the insulin molecule a suppression of the association tendency of the 
insulin is obtained so that it is essentially present as monomer or dimer. However, a number of these insulin analogues 

IS exhibits a reduced biological activity. 

Throughout the years a large number of artlflclalty prepared analogues of human Insulin has been described, 
usually with the purpose of elucidating the influence of the structure on the activity, vide e.g. Marks at al., Hoppe- 
Sevier's Z. Physiol. Chem. ^ (1979). 1619-1632. Investigations of the Influence of substitutions In the (B22-B26)- 
sequence of the insulin on the receptor binding have been of particular Interest, as said sequence Is considered to be 

so an essential site of binding for the insulin receptor, and as naturally occum'ng mutations have been found with substi- 
tutions in said site. Vide e.g. S. Shoelson et al. PNAS 80 (1 983), 7390-7394 and M. Kobayashi et al.: Biomed. Res. 5 
(3) (1984), 267-272. Very low biological activities were found for analogues in which Phe (B24) or Phe (B25) are 
substituted, and therefore it was concluded that the presence of these two amino acids is of declsivo importance to 
the receptor binding. 

^ The present invention is based on the surprising recognition that certain human insulin analogues in which one of 
the amino acid residues [Phe^^*] or [Phe^] is not present exhibit a low association tendency In solution and at the 
same time exhbhs an unchanged or even higher in vitro biological activity than human insulin. The deletion of either 
[PheB24] or [PheB26] will have the effect that ILysBzaj is transferred Into [Lys^^. TTie position of a positive charge In 
this position in the human insulin molecule is considered to be the important aspect of the present invention. 

30 

SUMMARY OF THE INVENTION 

In its broadest aspect the present invention is therefore related to human insulin analogues in which there is a 
positively charged amino acid residue, i.e. Lys or Arg in the position B28. i.e. in position 8 n the B-chain calculated 
3S itoa\ [QlyBO]. 

The present insulin analogues have surprisingly a low association tendency arxj at the same time an increased 
physical stability compared to other insulli analogues wHh low association tendency. Introduction of a positive charge 
in position B26 may be accomplished In two ways. Either by deleting one of the amino acid residues In position B24. 
B25, B26, B27 or B28 in the human insulin molecule leading to a human insulin analogue with a lys in position B28 
40 or by substituting [Fro^ in the human insulin molecule with a Lys or Arg. If an Arg Is prefaced In position B28 the 
deletion of one of the amino acid reeiduee in position B24, B25» B26, B27 or B28 may furthermore be combined with 
a substitution of the original [LysBSO] with an Arg residue. 

The presem human Insulh analogues may furthemxxe contain one or more modifications In the C-terminal end 
of the &chain compared to human insulin. Thus, the amino acid residues in position B25 to B27 and the amino add 
45 re3ldue(s) following the [Lys^^r or [Arg^may be arbitrarily chosen among the naturally occun'hg amino acid res- 
idues with the proviso that there is no Pro in position B29 or B29 or B30 or both may be lacking. 

According to one aspect of the present Invention nyr^z^ may be substituted by arKlher uncharged amino acid 
residue wherein the second carbon atom in the side chain (Oy) is sp^-hybridized (the bonds having a planar structure). 

Also with the purpose of stabilizing the molecule against chemical degradation, Asn in position A21 arxi/br B3 may 
so furthermore be replaced by another amino acid residue. 

The present human insulin analogues can be characterized by the following formula 1 
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A-Chain 

8 8 

I I 
H-Gly-Ile-V«l-clu-Gln-Cya-Cya-Thr-8«r-ll«-Cy8-Ser- 

I 

8 

I 

B-Chain 8 

I 

H-Phe-Val-Y2-Gln-Hl8-Leu-Cya-Gly-8er-Hls-Leu-Val 



(I) 



A-Chaln (contd.) 

LBU-Tyr-Gln-Leu-61u-Asn-Tyr-Cys-Yx-0H 



I 

B'^Chaln (contd.) B 

1 

Glu-Ala-Leu-Tyr-Leu-Val-CysHSly-Clu-Arg-61y-Phe- 



B-Chain (contd.) 
Xi-X2'-X3-X4-X5-X5 



wherein X|, and may be any naturally occurring amino acid residue, Xf is Lysor Arg, X5 is selected from 

the group consisting 0I any naturally occurring amino acid residue except Pro, may be any naturally occurring amino 
acid residue carrying the C-termlnal hydroxy group or -OH or X5 and Xq together form the C-termlnal hydroxy group. 

In the above formula Y^ and/or Y2 may in one smbodlmsnt be selected from the group consisting of any naturally 
occurrbng amino acid residue except Asn. 

In the above fomiula I may more specifically be Phe, Ala, His, Thr, Ser, Asn or Tyr, 
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X2 may more specificalty be Tyr, Thr. Glu. Asp, Ma. His. Ssr or Pha, 

X3 may mora specifically be Pro. Glu. Asp. Ser, Thr or His. 

5 X5 may more specifically be Lys. Thr, Ser. Ala, Asp or Glu, 

Xe may more specifically be Thr-OH, Ser-OH. Ala-OH, AspOH. Qlu-OH or -OH, 

may be Asr^, Qlu. Asp, His, Ser, Thr, Val, Leu, lie. Ala. Met. Trp. lyr. Gin or Gly, more preferably Qly, Asp, Qlu 
10 or Ala. and 

Y2 may be Asn, Glu. Asp, His, Ser, Thr, Val, Leu, lie, Ala, Met, Trp, Tyr, Gin or Gly, more preferably Glu or Asp, 

One group of the present human insulin analogues can be characterized as such in which one of the amino acid 
IS residues in position B24 or B25 has been deleted, that the amino acid residue h position B26, optionally, is substituted 
by another uncharged amino acid residue in which the carbon atom In the rposhion is sp^hybridlzed, that, optionally, 
one or more of the amino acid residues in poertions A21 , Bd and B30 differ from the amino acid residue in the corre- 
sponding positions In human Insulin, and that, optionally, no amino acid residue is present in position B30. 

According to a more simple definition such analogues are human Insulin analogues In which [lyr^ Is not present, 
20 in which phe^ZG] has optionally been substituted by another uncharged amino acid residue in which the cartxyi atom 
In the rpositicn is sp^hybrldized, In which one or more ot the amino acid residues In positions A21, B3 and B30, 
optionally, differ from the amino acid residues in hunrian insulin and in which optionally no amino acid residue is present 
In position 530. 

Examples of uncharged amino acid residues in which is sp^ybridized are Tyr, Phs, His, Trp and Asn. 

^ It is possible to introduce further substitutions or derivatizations in the human insulh analogues mentionad above 

if the properties do not change substantially. Such further derivatizations could be esterlfication or amidatlon of cartxaxyl 
groups, acylation or alkylation of amino- or hydraxyl groups or could be deamidation of cartxncamida groups. Further 
substitutions may be exchange of [Thr^ with His or of [HIsBIO] with Asp. Moreover, it Is possible to add or delete a 
singls or a few amino acid residues at the C- and/or the N-terminal of preferably the B-chain. 

00 One group ot the human insulin analogues according to the invention will have tiie structure shown in formula II 
below, where X means Tyr, His, Phe or Asn, Y means Thr, Ser, Ala. Asp or Qlu or a deletion and where optionally one 
or both of the underscored Asn have been changed to Asp by substitution or deamidation or the underscored Asn in 
the A-chain nray be Qly. 

3B 



40 



46 



so 



ss 
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10 



IS 



A'C!haiii 

S 8 

I I 
H-Gly-lla-Val-Glu-Gln-cys-Cys-Thr-Ser-Ile-Cys-Ser- 

I 

s 

I 

B-Chaln S 

1 

H-Pha-Val*Asn^Gln-His**Leu-Cy8HSly'»Ser-Hi8-Leu-Val 



20 

(II) 



25 



A-Chain (contd«) 

30 

L6U*-Tyr-61n-Leu-Glu-Asn-Tyr-CyB-A5n*"0H 

I 



I 

B-Chaln (contd.) s 

I 

^ 61u-AIa-Lau-Tyr-Leu^Val -Cys-Gly-Glu-Arg-Gly-^nia- 



45 

B-*chaln (contd.) 
BO x-Thr-Pro-Lys-y-OH 



Preferred human insulin analogues according to the invention are the following: 

» des(Phe^]-human Insulin 
doa(Tyr®2e]^unnan insulih 
desfThr^'I-hunrwn Insulin 
des[P^D^^-human insulin 
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des(Phe^]iX)rcine Insulin 

des{Pro®^-pordn0 Insulin 

desfPro^-rabbit insulin 

cte8{PtieB26],de9[ThrB30]-hunnan Insulin 
5 des(Tyr^,des|Thr^-human insulin 

[SerA2i]-de8lPrDB2Bj.human Insulin 

[GlyA2i]^es(Pro^hhunwi Insulin 

[QlyA2i]-desIPheB26]^unr«n insulin 

[Asp^]<tes(Phe^]-human insulin 
10 [His825]-d9s[Tyrfi2e]^das[ThrQ^)'human insulin 

[A8nS25]<tesnVi^].c<es[ThrB30]4iuman Insulin 

[AspA2i]-des(Phe^].des[Thi®^-human insulin 

[Asp828]-des(Ph8^]-human insulin 

[Asp^-des(Ph©^]-human Insulin 
IS [Lys^^hunnan insuir 

[Ly8B2fl,ThrS29]-human insulin 

[ArgB28].ctes(LysB29]^ijixian insulin 

The human insulin analogues according to the present Invention may advantageously be used In the treatment of 
^ Diabetes as the decreased ability to association leads to a taster uptake in the bloodstream than an ordhary roulin 
not only afterthe normally used subcutaneous Injection but ateo by non-parenteral use, vide e. g. Published I ntemationaJ 
Application No. WO87/061 37. Also their improved physical stability will make them more advantagous In the Diabetes 
treatment. 

The insulh anabguss according to the present inventbn may be prepared by altering the proinsulin gene through 

ss replacement d codon(8) at the appropriate site in the native human proinsulin gene by oodon(6) encoding the desired 
amino acid resMue substltute(s) anchor by deleting the codon{s) corresponding to the desired deletbn(s) . Alternatively, 
the whole DNA^sequencs encoding the desired insulin analogue may be synthesized. The gene er>coding the desired 
Insulin anatogue Is then Inserted into a suitable expression vector whk:h wtien transfen-ed to a suitable host organism, 
e.g. E. coli. Bacillus or yeast, generates the desired product The expressed product is then isolated from the ceils or 

30 the culture broth depend^g on whether the expressed product is secreted from the celts or not 

The novel Insulin analogues may also be prepared by chemical symhesis by methods anatogue to the method 
described by Marki et al. (Hoppe-Seylei's 2. Ptiysksl. Chem., 360 (1 979), 1619-1632). They may also bs formed from 
separately ]n vitro prepared A- and B-chalns containing the appropriate amino acid resUue substitutions arxj deletkms, 
whereupon the nxxdified A- and B-chains are linked together by establishing disulphide bridges according to krx>wn 

36 methods (e.g. Chance et al., In: Rk:k DH, Gross E (eds) Peptkies: Synthesis - Stnjcture - Function. Proceedings of 
the seventh Amercan peptkJe symposium, WWnois, pp. 721-728). 

The insulin analogues may f urthenmore be prepared by a method analogue to the method described in EP patent 
application No. 0183529A, the disclosure of which Is Incorporated by refererwe herelnto. By such method an hsulln 
precursor of the human irwulin anatogue wherein the basic amino acd in positkxi B28 or B29 (if the final product shall 

40 have a basic amino ackJ in this position) Is connected to Qly^i by means of either a peptide bond or a peptide chain 
of varying length is expressed and secreted by yeast with con'ectly posrtkxied disulphkJe bridges and is then converted 
Into the desired human Insulin analogue l>y the Morlhara method (Morthara sugra) or the so^lled transpeptUatlon 
reactkyi (see US patent No. 4,343,898). 

Accordingly the present insulin analogues may be prepared by inserting a DMA-sequence encoding a precursor 

^ of the insulh anaksgue In questkan imo a suitable yeast expression V6hk:le which when transferred to yeast Is capable 
of expressing and secreting the precursor of the insulin anak)gue in which [LysBsej, [Arg^, [Lys^fi^ or [Ar^^ is 
connected to Qly^i by a peptide bond or a peptide chain with the fomnula 111 

so 0") 

wherein R is a peptide chain wtth n amino acM residues, n Is an Integer from 0 to 33 and R1 is Lys or Arg when culturing 
the transformed yeast strain in a suitable nutrient medium. The precursor is then recovered from the culture broth and 
reacted with an amino compound with the formula IV 

56 

OOR" (IV) 



8 



EP0375437B1 



wharein Q is a single amino acid rssidus, preferably Thr, or a dipeptide, and R" is a carboxy protecting group (e.g. 
methyl or tert-butyl), using trypsin or irypsln-IIke enzyme as a catalyst In a mixture of water and organic solvents 
analogously as described in US patent specification No. 4, 343,698 (the disclosure of which is ricorporated by reference 
hereimo) whereupon the carboicy protecting group Is removed and the Insulin analogue Is isolated from the reaction 

5 mixture. 

If the insulin analogues contain an amino acid residue different from Lys or Arg as the C-termlnal residue In the 
B-chaIn, they may also be prepared by a method analogue to the method described In Published European Application 
No. EP 195 691 the disclosure of which is incorporated by reference hereinto. By this method insulin analogue pre- 
cursors 01 the type having a bridge between the A- and B-chain consisting of a single pair of basic amino acid (Lys, 
to Arg) are made in yeast and then converted into the insulin analogue by an enzymatic conversion. 

It the C-terminal amino acid residue in the B-chain is Lys or Arg, then the insulin analogues can be prepared from 
the above biosyntetic precursors by enzymatic cleavage with trypsin. 

Human insulin analogues of the invention in which substitutions are only present within the last amino acid residues 
nearest to the C-termlnal of the B-chaIn may moreover be prepared in a manner known gerse from e.g. porcine insulin 
IS as described in K. Inoye et al.; JACS J01 (3). (1979), 75 V752. whereby the porcine insuin is first split with trypsin to 
des-(B23'30)-hunnan insulin, whereupon the laner, also enzymatically, Is coupled with a synthetic peptkie having the 
desired amho acid sequence. 

The present Insulin analogues may be used tor the preparatbn of novel insulin preparations with Insulin activity 
to be substituted for human or porche insulin In the Insulin preparatkxis heretofore known to the art. Such novel Insulin 
^ preparatkxis contain the insulin anak)gue8 according to the present invention or a pharmaceuticalty acceptable salt 
thereof In aqueous solution or suspenskyi, preferably at neutral pH. The aqueous medium is made Isotonk:, for example 
with sodium chtoride, sodium acetate or glycerol. Furthermore, the aqueous medium may contain zinc ions, buffers 
such as acetate and citrate and presen/atives such as m-cresol, methylparaben or phenol. The pH value of the pre|>- 
aration is adjusted to the desired value arxi the insulin preparatkxi is made sterile by sterile filtratkxi. 
^ The present insulin analogues may also be mixed with other insulin analogues having a protracted nsulin activHy 
to prepare insulin preparattons consisting of a mixture of rapM acting and protracted Insulin. 

The insulin preparatkans of this Inventnn can be used similarly to the use of the known insulin preparatkxis. 

TERMINOLOGY 

30 

The abbreviations used for the amino acUs are those stated in J. Biol. Chem. 243 (1966), 3558. TTie amino acids 
are in the L configuratkxi. Unlese otherwise irxicated, the species of insulins stated herein is hunnan. 

BRIEF DESCRIPTION OF THE DRAWINGS 

3B 

The inventkxi is further illustrated with reference to the accompanying drawings in whnh 



Fig. 1 shows the expression plasmid pYQABA 1 4276, 

Fig. 2 shows the yeast vector pAB24, 

40 Fig. 3 shows the ONA sequence of the 0.4 kb EcoRI-Xbal fragment from the plasmM pKFN-e64. and 

Fig. 4 shows the preparatkxi of the expression plasmti pKFN-866. 



DETAILED DESCRIPTION 



^ DNA-sequences erxxxling modified Insulin precursors were constnjcted with basis In the expressksn cassette, 
which is contained in the BamHI re8trk:tkx) fragment from the expressun plasmid pYGABA as shown in Figure 1 , has 
a lenght of 11cy3 basepairs and contains essentially the folbwing (listed in succession starting from the 5'-end): The 
GAPOH promoter (Travis et al., J. B»l. Chem., ^ (1965), 4384-4389) folkiwad by the coding regton consisting of: 
The 83 N-terminal amino ackls of the MP al -leader sequence encoded by the wiki-lype yeast DNArsequence as 

so described by Kurjan & Herskowltz foltowed by the two oodons AAA and AQA encoding Lys and Arg and again foitowed 
by the coding regksnforthe insulin precursor single chain dee [Thr^- human insulin (SCI), whksh is a synthetcally 
constructed gene using prefen'ed yeast codons. After two stop-oodons, a Sail restrklkyi site is positkxied. and the rest 
of the sequence constitutes the Mfa1-sequerx» containing the terminator regkDn. The sequence is constructed using 
entirely standard technk^ues. 

^ The method empkayed was *ollgonucieotMe site directed mutagenesis', which is described by Zoller & Smith, DNA 
Vol. 3, No. 6 (1 984), 479-486. The method is briefly described in the folbwing, and ia described thoroughly in Example 
1 . The insulin precursor sequence Is isolated from the expressbn ptesmM and Inserted Into a single-stranded genom, 
circular M1 3 bacterksphage vector. A chemically synthesized complementary DNA-etrand is then annealed to the sin- 
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gle-6tranded genom. The DNA-strand contains the desired sequence surrounded by sequences completely homolo- 
gous to insulin sequences on the circurlar DNA. The primer is then extended jnvttro Into the entire length of the circular 
genom biochemicalfy using Klenow potymarase. This strand will give rise to single-stranded phages, which whan grown 
in E. coij give the posslbHIty of Isolating double-stranded DNA with the desired sequence. From this double-stranded 
5 DNA, a restriction fragment can be isolated and reinserted into the expression vector 

MODES FOR CARRYING OUT THE INVENTION 

The Invention is turther Illustrated by the following Examples. 

EXAMPLE! 

Construction of an expression plasmid. which can be used to express des[PhsB26]^ci. 

The expression cassette, which is contained In the expression plasmid pYQABA (shown in Figure 1) on a BamHt 
IS restriction fragment, was isolated: The expression plasmid was incubated with the re8tri<^ton endonuclease BamHI. 
The conditions were: 20 ^g of plasmid, 50 units of BamHI, 100 mM NaCI, 50 mM Tris-HCt, pH 7.5, 10 mM MgCla. end 
1 mM DTT in a volume of 1 00 MJitrss. The temperature was 37^C and the reaction time 2 hours. The two ON A-fra^ents 
were separated on a 1% agarose gel, and the desired fragment was Isolated. 

^ Ligation to the Ml3 vector M13mp 16: 

The isobted restriction fragment was ligated to the bacteriophage vector M13mp16 also cut with the restriction 
endonuclease BamHI in the following reaction mixture: Fragment 0.2 ^g, vector 0.02 50 mM Tris-HOI, pH 7.4, 10 
mM Mgcl2, 10 mM DTT aixi 1 mM ATP in a volume of 20 litres. 5 MJitres of this mixture were transformed into the E 
^ coll strain JM101. The presence of fragment in the vector and the orientation of the fra^nent was determined by 
restriction enzyme mapping on double^randed M13-0NA Isolated from the transfomrants. 

Isolation of smgi^stranded (ss) DNA (template): 

30 From the transfbrmant described above ss-DNA was isolated according to a method described by Messing In 
Qene,19(1982}. 269-276. 

S'phosphorylation of the mutaqenisadon primer 

^ The mutagenlsation primer with the sequence 5'-TTQQAQTQTAQAAACCTCTT-3* was phosphorytated in the 5'- 
end in a 30 litres reaction mixture containing 70 mMTris-HCl. pH 7.0, 10 mM MgClg, 5 mM DTT, 1 mM ATP, 100 pmd 
oligonucleotids and 3.6 units of T4 polynucleotide kinase. The reaction was carried out for 30 min. at 37*0. Then, the 
enzyme was Inactivated by Incubating the mbcture lor 10 mIn. at 65*0. 

40 Annealing or template and phosphorylated mutagenlsation primer 

Annealing of template and primer was carried out In a 10 ^litres volume containing 0.5 pmol template, 5 pmol 
primer. 20 mM Tris-HOI, pH 7.5. 1 0 mM MgCI^, 50 mM NaOl and 1 mM DTT by heating for 10 mln. at 65"C and cooling 
aftenvardstoO^C. 

46 

ExtensiorVliaation reaction: 

To the reaction mixture above, 10 litres of the followiig mixture were added: 0.3 mM dATP, 0.3 mM dCTP. 0.3 
mM dGTR 0.3 mM dTTP 1 mM ATP, 20 mM Tris-HCl. pH 7.5, 10 mM MgCls, 10 mM DTT, 3 units of T4 DNA ligase 
so and 2.5 units of Klenow polymerase. T^en, the reaction was carried out for16 hours at 16*0. 

TransfomiatlonotJmlOl: 

The reaction mbcture above was transfbrmed In different dilutions Into CaOla-treated E. coli JM101 cells using 
SB standard techniques and plated in 2 x YT topagar on 2 x YT agar plates. (2 x YT = tryptone 16 g/litre, yeast extract 10 
g/litrs, NaCI 5 g/litra. 2 x YT topagar = 2 x YT with 0.4% agarose added and autoclaved. 2 x YT agar plates = 2 x YT 
with 2% agar added and autoclaved). The plates were incubated at 37*0 overnight. 
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Idanlffication of positive clones; 

The method used was plaque-lift hybridisalion which is described in the following: a nitrocellulose-filter was placed 
on a piate with a suitable plaque-d r^sity. so thai the filter was wetted. The filter was then bathed In the followlig 
5 solutions: 1 .5 M NaCI, 0.5 M NaOH f r 30 sec.. 1 .5 M NaCI. 0.5 M Tris-HCI. pH 8.0 for 1 min.. 2 x S8C {0.3 M NaCI. 
0.03 M sodium citrate) till later use. TTie filter was dried on 3MM filter paper and baked for 2 hours at 8(rc in a vacuum 
oven. 

The mutagenisation primer with the sequence 5TrGGAGTGTAGAAACCTCTT-3' was labelled radioactively in the 
5' end in a 30 ^litres volume containing 70 mM TrIs-HCI, pH 7.5» 10 mM MgCla. 5 mM DTT, 10 pniol oligonucleotide, 
w 20 pnrwl y-^2p.>vTP and 3.5 units o1 T4 polynucleotide kinase. The mixture was incubated at 37*C for 30 min. and then 
lorSmln.atlOO'C. 

The dried filter was prehybrklised for 2 hours at 65°C in 6 x SSC. 0.2% bovine-eeoim albumin, 0.2% Ficdl. 0.2% 
potyvinylpyrrolidon. 0.2%8odium-dodacyl-8ulphate (SOS) and50|ig/ml satmon-speim DNA. Then, the reactkm mixture 
containing the labelled probe was added to 1 5 ml of Iresh prehybridisatlon mix, and the filter was bathed herein ovemigtit 
IS at 28^C with gentle shaking. After hybrkiieatnn the filler was washed 3 times for each 1 5 min. in 2 x SSC -i- 0. 1 % SOS 
and autoradtographed. After wash in the same solutkDn. but now at 52'C, and another autoradiography, plaques con- 
taining DNA^sequences complementary to the mutagenisation primer were identified. 

Re-screenino of positive clones : 

20 

Because the kitontlfied clone Is a result of a heteroduplex, the plaque was plated again. The hybrldlsatkxi and 
kientificatkxi were repeated. 

Purification of double^tranded M13-phage DNA : 

2S 

A re-screened ckxie was used for Infectton of the E. coil strain JM101. A culture containing approximately 1QB 
phages and 5 colonies of JM101 was grown for S hours in a 5 ml 2 x YT medium at 37*C. Then, double-stranded, 
circular DNA was purified from the pellet according to a method described by Blmbolm & Doly. Nucleic Ackto Ree.. 2 

(1979). 1513. 

so 

isolation of a restrtotton Iraoment contalnlno modified Insulin precursor 

The DNA-preparatkxi (appr. 5 ^g) Isolated above was digested with 10 units of the restriction endonuclease BamHt 
in 60 litres o1 100 mM NaCl. 50 mM Tris-HCI. pH 7.5, 10 mM MgClg, and 1 mM DTT for 2 hours at 37^0. The DNA- 
3S products were separated on an agarose-gel, and the fragment was purified from the gel. 

Lioatton to the veast vector pAB24 f Figure 21 : 

The isolated restriction f ragnent was Itgated to the yeast vector pAB24 digested with the rBstrk:tk)n endonuclease 
40 BamHI in the toibwing reactton mixture: Fragment 0.2 ^g, vector 0.02 ^g, 50 mM TrIs-HCI, pH 7.4. 10 mM MgClg, 10 
mM DTT. 1 mM ATP in a total volume of 20 {Jitres. 5 ^litres of this reactkx) mbc was used for transfonnation of the E. 
coll strain MCI 061 , in whk:h the nrxxjlfied expression plasmM was kienttfled and propagated. The plasmM was Uentlcal 
to pYQABA, except lor the deleted codon. 

^ Transformation of veaat: 

Transformation of the expression ptasmkl into the yeast strain Saccharomyces cerevlsiae JC482ApepALeu2cir" 
(a, his4. pep4, ura3, Ieu2, cir') was cairied out as described by Ito et al., J. Bad, Vol. 153. No. 1, (1963), 163-168. 
The transfomned cells were plated on SC-ura medium (0.7% Yeast Nitrogen Base, 2.0% glucose, 0.5% casamino ackis, 
so 2.0% agar) lor selectton tor plasmM-contalnlngcelle. 

EXAMPLE it 

Construction of an expression plaemid, which can be used for production of desnVf^-SCI. 
Bs The procedure used was essentially the same as described h example I, except that the mutagenisation primer 
had the sequence 5*-ACCCTTTGGAGTGAAGAAACCTCT-3', that the hybridtzatnn temperature was S&'C, and that 
the washing temperature after hybrldlzatfcxi was 60*C. The modified plasmU has a sequence kientlcal to pYQABA, 
except for the deleted codon. 
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EXAMPLE III 

Construction of an expression plasmid, which can be used for production of [Hi8^],dBsnyr°^-dCI. 
The procedure used was essentially the same as described in example I. except that the mutagenlsation primer 
5 had the sequence 5'-AATACCCTTTGGAGTGTGGAAACCTCTTTCACC-3', that the hybridization temperature was 
43°C. and that the washing temperature after hybridization was 66*C. The modified plasmid has a sequence Idenlical 
to pYQABA. except for the modified and deleted codons. 

EXAMPLE IV 

10 

Construction of an expression plasmid, which can be used for production of [Asn^26]^d0s[-iyrB2S]-sci. 
The procedure used was essentelly the same as described in example I. except that the mutageni^tion primer 
had the sequence 5'-AATACCCTTTGGAGTGTTGAAACCTCnTCACC-3'. that the hybridization temperature was 
42"C. and that the washing temperature after hybridization was 65*C. The modified plasmid has a sequence idemical 
IS to pYGABA, except for the modified and deleted codons. 

EXAMPLE V 

Expression of precursor and Isolation from the culture medium. 

^ Yeast, transformed as described in examples I to IV, was propagated on Petri-plates containing minimal-medium 
without uracil for 48 hours at 30*C. 1 00 ml shalce bottles containing minimal-medium without uracil -f 5 g/litre casamino 
acids + 1 0 g/litre succinic acid + 30 ^itre glucose at pl-t 5.0 were inoculated with a single colony from the Petri-plate. 
The bottles were then shaken at 30^C in Incubator for 72 hours. 

After centrif ugation 1 litre of pooled supematant was sterilized by filtration and adjusted to pH 4 - 4.5 and a con- 
ductivity < 10 mS by addition of 5 M HCI and water. With a flow of 120 ml/hour the supematant was then applied to a 
1 .6x6cm columnof S/5epharos^F previously equilibrated with 50mMacetic acid, 50% (by volume) ethand adjusted 
to pl-l 4.0 with NaOH. The column was washed with 60 ml buffer and the precursor was then eluted by a linear gradient 
of NaCI from 0 to 0.35 M in 380 ml buffer with a flow of 10 ml/hour. The eluata was dh^d In fractions of 4 mi arKi 
detected for UV-absorbanca. Fractions containing precursor ware idantrfisd by RP-HPLC analysis and wars pooled. 

30 After desalting on a column of SephadexSG25 in 1 M acetic acid the precursor was isolated by iyophliization. 

EXAMPLE Vi 

Preparation of das[Phe^],des(Thr^l-human insulin. 

36 400 mg of de8(PheB26]'SCI, prepared by the methods described in examples I and V, were dissolved fen 40 ml of 
50 mM tri8-(hydroxyms1hyl)aminomethane. 20% (by volume) ethanol adjusted to pH g with HCI and 40 ml (settled 
volume) of Sepharose^ containing 32 mg of immobilized trypsin in the same buffer were added. The suspension was 
left for 24 hours at 8-1 0'C with gentle agitation and was then tittered. The gel was washed with 40 ml of buffer, and 
the pooled filtrates were applied to a 2.6 x 7.5 cm column of Q-Sepharosa^F previously aqullbrated with 50 mM tris- 

40 (hydrQxym6thyl)aminomethane, 50% (by volume) ettianot, adjusted to pli 8.0 with HCI. The column was then eluted 
with a linear gradient of NaCl from 0 to 0. 1 5 M in the same buffer over 6 hours with a flow of 225 ml/hour. The eluate 
was detected for U V-absortsance and fractions containing the rnain protein pealc were pooled. The protein was precip- 
itated at pH 5.4 after removal of the ethanol In vacuo. 

250 mg of des[PheBa5],de6frhr^-human ifisulin were isolated by lyophilization. 

45 The identity of the product was confirmed by amino acid analysis, by plasma desorptlon mass spectrometry and 
by sequential Edman degradation of the separated vinylpyridylated A-and &«hainB. 

EXAMPLE VII 

so Preparation of des[Phe^)-human Insulin. 

200 mg of dasPheB^LdesTThr^^human insulin prepared by the methods described in example VI were dis- 
solved In a mixture containing 400 mg of threonine methyl ester, 2.0 ml of ethanol and 0.8 ml of water. The phi value 
was adjusted to 6.3 with acetic acid and 4 ml (settled volume) of Sepharos^ containing 3.2 mg of immobilized trypsin 
were added. After starKfIng for 2 hours at 20°C with gentle agitation, the gel was removed by filtration, and the protein 

ss was precipitated by addition of 10 volumes of 2-propanol. The air-dried precipitate was redissolved in 20 mM trie 
(hydroxymsthyl)aminomslhar(a/HCI, 60% (by volume) ethanol. pH 8.25, and applied to a 2.6 x 20 cm Q^apharos^F 
column, previously equilibrated with the said buffer, and eluted with a linear f^aCI-gradlent In the same buffer Increasing 
from 0 to 0. 1 M over 1 5 hours at a flow rate of 1 25 ml/hour. The ethanol was removed in vacuo from the pooled fractions 
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containing des [PheB2B].human in8ulin-(B30-methyl ester), and the proten was precipitated at pH 6. 1 . The suspension 
was centrtfugated and the precipitate was lyophilized. The methyl ester was then hydrdyzed lor 10 min. in cold 0.1 M 
NaOH at a protein concentration of 1 0 mgAnl. The reaction was stopped by adjusting the pH value to 8.5, arid 2 v lumee 
of 20 mM tris(hydroxymethy1)-aminomethane/HCI, pH 8.5, were added. Th solution was then applied to a 2.6 x 20 
5 cm Q-Sepharose^F column and eluted as described above. The protein was precipitated at pH 5.5 after removal f 
the ethanol jn vacuo. 

SO mg of des[Phe^^]-human Insulin were obtained after lyophlllzatlon. 

The identity of the product was confirmed by amino acid analysis, by plasma desorption mass spectrometry and 
by sequential Edman degradation of the separated vinylpyrldylated A-end B-chalns. 

w 

EXAMPLE VIII 

Preparation of des [Tyr^^Si^deslThr^-human ir^ulin. 

250 mg of desCTVr^j-SCI. prepared by the methods described In the examples II and V. were dissolved In 25 ml 
IB of 50 mM tri8(hydroxymethyl)aminomethane, 20% (by volume) ethanol adjusted to pH d with HCI and 25 ml (settled 
volume) of Sepharose^ containing 20 mg o1 Immobilized trypsin in the same buffer were added. The suspension was 
left for 24 hours at 8-1 O^C with gentle agitation and was then filtered. The gel was washed with 25 ml of buffer, and 
the pooled filtrates were applied to a 2.8 x 7.5 cm column of OSephaross^F previously equllbrated with 50 mM trls- 
(hydroxymethyl)amlnomethane, 50% (by volume) etharx)!, adjusted to pH 6.0 with HCI. The column was then eluted 
^ with a linear gradient of NaCI from 0 to 0.15 M in the same buffer over 6 hours with a flow of 225 ml/hour. The eluate 
was detected for UV-absort)ance and fractions containing the main protein peak were pooled. The protein was precip- 
itated at pH 5.4 after rsmoval of the ethanol in vacuo. 

130 mg of de8nVr^,des(Thr830|.human insulin were Isolated by lyophlllzallon. 

The identity of the product was confimnsd by amirx) acid analysis ar>d by sequential Ec^an degradation of the 
^ separated vinylpyrldylated A- and B-chains. 

EXAMPLE IX 

Preparation of [His^].des(Tyr828] dosfThr^Mj-human insulin. 

30 450 mg of [His826],c!es[7Vr^-SCl, prepared by the methods described In the examples III and V were dissolved 
In 45 mi or 50 mM trls-(hydroxymethyl)amInomethane. 20% (by volume) ethanol adjusted to pH 9 with HCI and 45 ml 
(settled volume) of Sepharosa® containing 36 mg of immobilized trypsin in the same buffer were added. The suspension 
was left for 24 hours at 8-10''C with gentle agitation and was then filtered. The gel was washed with 40 ml of buffer, 
and the pooled filtrates were applied to a 2.6 x 7.5 cm column of Q-Sepharose^F previously equilibrated with 50 mM 

3B tris(hydroxymethyl)aminomethane, 50% (by volume) ethanol, adjusted to pH 8.0 with HCI. The column was then eluted 
with a linear gradient of NaCI from 0 to 0.15 M in the same buffer over 6 hours with a flow of 225 mi/hour. The eluate 
was detected for UV-absorbance and fractions contaning the main piotein peak were pooled. The protein was precip- 
itated at pH 5.4 after removal of the ethar)ol jn vacuo. 

200 mg of [His826],des[Tyr82^,de8(Thr830]^uman insulin ware isolated by lyophilization. 

40 The Identity of the product was confirmed by amino ackl analysis and by sequential Edhian degradation of the 
separated vinylpyridytated A- and B-chains. 

EXAMPLE X 

45 Preparation of [A8n^],desnVr^.des [Thr*^-human Insulin. 

1 50 mg of [A6n^],des[Tyr^-SCI, prepared by the methods descried in the examples IV and V were dissolved 
In 1 5 ml of 50 mM tris- (hydroKymethyl)amlnomethane. 20% (by volume) ethanoi adjusted to pH 9 with HCI and 15 ml 
(settled volume) of Sepharose* containing 1 2 mg of immobilized trypsin in the same buffer were added. The suspension 
was left for 24 hours at 8-1 0*C with gentle agitatbn and was then filtered. The gel was washed with 40 ml of buffer, 

so and the pooled filtrates were applied to a 1 .6 x 10 cm column of Q-Sepharosd^F prevbusly equilibrated with 50 mM 
tri8(hydroxymethyl)aminomethane, 50% (by volume) ethanol. adjusted to pH 8.0 with HCI. The column was then eluted 
with a Ihear gradient of NaCI from 0 to 0.1 5 In the same buffer over 6 hours with a flow of 90 mbTx3urs. Iho eluate was 
detected for UV-absortsanca and fractions containing the main protein peak were pooled. The protein was precipitated 
at pH 5.4 after removal of the ethanol In vacuo . 

80 mg of [AsnB^Jfiyr^idesIThr^-human insulin were Isolated by lyophilization. 

The identity of the product waa confirmed by amino acid analysis arxi by ssquential Edman degradatkxi of the 
separated vinylpyridytated A- and B-chains. 
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EXAMPLE XI 

Preparation qf [ABp^ldsspheBzej^desfThr^-human insulin. 

50 mg fde8(Ph8^1dea[Thr®W]-human Insulin prepared by th methods described In xample VI were dissolved 
5 in 1 0 ml water by adjusting the pH value to 2 with 1 M HCL The solution was then left tor 1 6 days at 30PC. After cooling 
(to 20''C)7.5gof urea were added arKlthe pH value waa adjusted to a 1 with 1 M NaOH. The solution was then applied 
to a 1.6 X 20 cm Q-Sepharose^F colunn, previously equlltorated with 20 mM tri8(hydroxymethyl)-amlnomethane/ 
HCI. 7 M urea. pH 8.1 at 4"C. and etuted with a linear NaCI>gradient in the same buffer increasing from 0 to 0.05 M 
ever 24 hours at a flow rate of 40 ml/hour. The pooled tractions containing the protein from the last eluting peali were 
to desalted on a column of Ssphadex<*G25 in 1 M acetic acid and tyophllized. 

30 mg of [A8pA2i],des[PheB26],des|Thr®30]^^uman [Thr^]-hunf«n insulin were obtained. 

The identity the product was confirmed by amino acid analysis, by 5-8tep Edman degradation and by C4efmlnal 
analysis using carboxypaptidase A. 

IS EXAMPLE XII 

Preparation of [Ser^],de8[Pro^-human ]-human insulin. 

Construction of an expression piasmid which can be used for production of [SerA2i],de8[Pro^-human Insulin 
and preparation of [Ser^l.despro^^sj^yn^an Insulin. 

^ A pUC-1 9 derived piasmid, pKFN-664, encoding this ar^logue was constmctad by gapped duplex mutagenesis 
(Y Mormaga et al.. Biotechnology 2 (1984), 63&639) of plasmid pKFN-734 using the two mutagenic primers NOR- 
648 CTAGAGCCTGCGGGCTGCGTCTAGCTGCAGTAG and Nor-745 ATTGTTCGACAATACCCrrAGCAGCCTT. 
GGTGTAQAAQAAACCTCTTTCACC. Piasmid pKFN-734 waa constaicted by llgatlng the 0.4 Wb EcoRI-Xbal fragment 
encoding a synthetic yeast signal-leader fused in-frame to a synthetic insulin precursor gene B(1-29) -AlaAlaLys-A 

^ (1 -21 ) from piasmid pLaC2128pxd to the 2.7 kb EcoRI-Xbal fragment from pUC-19 (C. Yannisch-Psnon et al., Gene 
33(1985), 103-119). 

Piasmid pLaC21 28px3 Is described in Example 3 and in Fig. 6 and 1 3 of Intamational Patent Application Publlcalion 
No. W089A)2463. 

The ONA sequence of the 0.4 kb EcoRI-Xbai fragment from pKFN-864 encoding sigriaMsader-insuiin B(1-29, 

30 des28 Pro)-AlaAlaLys-A(1 -21 , 21 Ser) is given In Fig. 3. 

pKFN-^ was cut with EcoRI and Xbal and the 0.5 kb fragment was Itgated to the 9.5 kb Ncol-Xbal fragment 
from pMT636 and the 1.4 kb Ncd-EcoRI fra^ent from pMT636, resulting in plasmki pKFN-866, see fig. 4. Piasmid 
pMT636 was constructed from pMT608 after deletion of the LEU-2 gene and from pMT479. see fig. 4. pMr608 Is 
described in EP 195 691. pMT479 is described in EP 163 529. pMT479 contains the Schizosaccharofrwces pombe 

3S TPI gene (POT), the S. cerevisiae triosephosphate Isomerase pronwter arxJ terminator, TPIp and TPly (Alber, T. and 
Kawasaki, G. J. Md. Appl. Gen. 2 (1 962), 419-434). PlasmkJ pKFN-866 contains the following sequence: 
TPIp-signal'ieader-insulin 8(1-29. des26 Pro)-AlaA]aLys-A(1-21, 21 Ser) -TPI-f. 

S. cerevisiae strain MVeQB (E2-7B XE1 1 -36 a/a, AqplAtpl. pep 4-3^pep 4-3) was grown on YPQaL (1 % Bacto yeast 
extract. 2% Bacto peptone, 2% galactose, 1% lactate) to an O.D. at 600 nm of 0.6. 

40 100 ml of the resulting culture was han/ested by centrifugatton, washed with 10 ml of water, recentrifuged and 
resuspended in 10 ml of a solution containing 1.2 M sorbitol, 25 mM N^DTA pH = 8.0, and 6.7 mg/ml drthbtreitol. 
The suspension was Incubated at 30*C for 15 minutes, centrifuged and the cells resuspended In 1 0 ml of a solution 
containing 1 .2 M sorbitol, 10 mM lsia2EDTA. 0.1 M sodium citrate, pH = 5.6, and 2 mg Novozynrf* 234. The suspension 
was incubated at 30*C for 30 minutes, the cells collected fay centrlfugation, washed in 10 ml of 1.2 M sorbitol and 10 

45 ml of CAS (1 .2 M sorbHol. 10 mM CaCIs, 10 mM Trie HCL (Trie = Trfs(hydraxymethyt)amlno methane) pH = 7.5) and 
resuspended In 2 ml of CAS. For transfomnatksn 0.1 ml of CAS-rasuspended cells were mixed with appreodnfiately 1 
of plasmkj pKFN-e66 and left at room temperature lor 15 minutes. 1 ml of (20% polyethylenglycol 4000, 10 mM 
CaCtg, 10 mM Trie HCI, pH = 7.5) was added and the mixture left for further 30 minutes at room tsmperature. The 
mixture was centrifuged ar>d the pellet resuspended in 0.1 ml of SOS (1 .2 M sorbitol, 33% vA^ YPD, 6.7 mM CaCl2. 14 

SO yigfm\ leucine) and Incubated at 30*C for 2 hours. The suspension was then centrifuged and the pellet resuspended 
in 0.5 ml of 1 .2 M sorbitol. Then, 6 ml of top agar (the SC medium of Sherman et al., (Methods in Yeast Genetics, CoM 
Spring Harbor l.aboratory, 1981) containing 1.2 M sort)ltol plus 2.5% agar) at 5?*C was added and the suspension 
poured on lop of plates containing the same agar-solkiified, sorbitol containing medium. Transformant colonies were 
picked after 3 days at 30^C, relsolated and used to start Ikiuld cultures. One such transformant KFN-883 was selected 

ss for further characterization. 

Yeast strain KFN-883 was grown on YPD medium (1% yeast extract, 2% peptone (from Difoo l-aboratorias), and 
2% glucose). A 10 ml culture of the strain was shaken at 30*0 to an O.D. at 600 nm of 20. After centrifugatlon the 
supsmatant was analyzed by HPLC as described (L Snel et al., Chromatographia 24 (1987), 329-332). The yieU was 
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about 0.14 mg/lflerot insulin B(1-29. des 28 Pro)*AlaAlaLy8-A(1 -21 . 21 Ser). 

The single chain insulin precursor was Isolated from the femneniBtlon supernatant by adsorption to an Ion exchange 
column at low pK dasorption at high pH and prec^Hatlon of the pool by zinc ions. Transpeptidatlon of the precursor 
to [Ser^],des[Pro^^,[ThrB30-OM ]-human insulin was as follows: 
5 10 mmol (2.35 g) of threonine methylesterand glacial acetic acid was dissolved in OMF to give 5 ml. 2.5 ml 76.5% 

wN DMF in water was added and 0.5 g of precursor was dissolved in the mixture, which was Icept at 12°C; then 50 mg 
of trypsin in 1 .25 ml 0.05 M calcium acetate was added and after 24 hours at 1 2^C the reaction mixture was added to 
100 ml of acetone for precipitation of the peptides, which were spun down and dried in vacuo. 

The isolated Insulin analogue ester was purified on a preparative HPLC column using a slUca-CIS matrix at acidic 
10 pH. Then the purified ester was hydrolyzed in aqueous medium at pH 10 and 25*C for 24 hours. The [8erA2i],de8 
[Prcfi^-twsman insulin formed was precipitated at neutral pH with zinc ions. The precipitate was purified by anion 
exchange chromatography and subsequently desalted by gel filtration. Yield of lyophitized [SerA2i],des(Pro^4iuman 
insulin was 102mg. 

IS EXAMPLE XIII 

Preparation of desfPhr^Tj^iuman Insulin. 

1 g of Zn-f ree porcine Insulin was dissolved In 40 ml of water by adjusting the pH value to 9, and a solution of 50 
mg ot porcine trypsin in 10 ml of 0.25 M ammonium hydrogen carbonate adjusted to pH 9 with ammonia solution was 

20 added. The solution was then left at 4''C and after 46 hours a yield of 65% was found by HPLC analysis. The reaction 
mixture was then gel filtrated at4*Cona5x90cm column of Sephadex!^ Q50 superfine in 0.05 M ammonium hydrogen 
carbonate with a flow of 90 ml per hour. Fractions containing the main protein peak were pooled and lyophilized. The 
yield was 520 mg of de8(B23-B30)-hun^ insulin. 

A peptide with the sequence Gty-Phs-Phe-Tyr-Pro-Lys-Thr was synthesized on a PAM resin by means of protected 

2S symmetrical amino acid anhydrides by means of a peptide synthesis apparatus from Applied Biosystems. Finally, the 
peptide was cleaved from the resin by anhydrous hydrogen fluoride at O'C. whereby the rennalning protecting groups 
were simultaneously removed. 

200 mg of des(B23-B30)-human Insulin and 400 mg of peptide were dissolved In a mixture of 2.40 ml of dimethyl 
formamide and 1 .20 ml of water and the pH-value of the mixture was adjusted 6.5 with triethyl amine. 10 mg of porcine 

30 trypsin in 0.20 ml of water was then added and the reaction mixture was left at 20^0 for 4 hours. The reaction was 
then stopped by addition of 25 ml of 2-propanol and the precipitated proteins were isolated by centrlfugatlon. The 
drained precipitate was redissolved in 10 ml of 1 M acetic acid and applied to a 2.6 x 20 cm column of Lichroprep^ 
RP-18 (2540 ^m) previously equilibrated with 0.5 mM hydrochloric acid. 0.1 M sodium chloride In 30% (by volume) 
ethanol. The column was then eluted at 20*C at a flow of 20 ml per hour with the same buffer but with a linear increase 

3S of the ethanol content to 50% over 24 hours. The eluate was monitored for U>Aebsorption and fractions containing the 
main protein pealc were pooled. The protein was precipitated by dilution with the same volume of water arxJ adjustment 
of the pH-value to 5.5 with sodium hydroxide eolutlonp arxj after starxjing at 4*C for 1 hour the precipitate was isolated 
by centrifugatlon and tyophilizatlon. 

The yield was 60 mg of desfThrBSTj^iuman insulin, which was Identified by sequential Ecfenan degradation of the 

40 separated vinyl-pyridylated A- arx^ B-chalns. 

EXAMPLE XIV 

Formulation of injectable solution. 
45 60 pmoles of a human insulin analogue according to the invention were dissolved In 4 ml of 0.1 M HCI and 20 ml 
of 1 .5% m-creeol were added. The solution is now mbced with 40 ml of 4% glycerol and 20 ml of 65 mM disodlum 
hydrogen phosphate, and the pH value was adjusted to 7.3. Finally the solution was adjusted to 1 00 ml with water and 

sterilized by filtration. 

60 EXAMPLE XV 

Evaluation of the degree of association. 

A 2.6 cm X 88 cm column of Sephadsx%-75 was equilibrated with 13 mM sodium phosphate buffer pH 7.3 with 
a fiow of 22 ml/hour. By appllcaticn ot desKoctapeptkie-B^^-hurmn insulin, cytochrome C. rbonuciease and mono- 
ss and dimeric myoglobin as molecular weight markers a curve representing the molecular weight as a function of the 
elutlon volume was drawn. 

By appHcadon of 1 ml of solution contalnlngO.d mM Zn-free hunnan Insulin or 0.6 mM Insulin analogue and prepared 
as descriied in example XII it was found that Zh-frse human insulin slutss as a tailing peak with an apparent molecular 
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weight o1 a14 kD and that the analogues prepared as described in the examples VI to X all were eluted as a symmetrb 
peak with an apparent molecular weight of «5 kD. 

These results ind'rate that human insulin anatogues according to the invention are essential monomeric in solutk)n 
at pH 7.3, wh reas the normal human Insulin under the same condltkyis to a high degree appears as a mixture of 
dimers and higher oligomers. 

EXAMPLE XVI 

Evaluatbn of bk)iogk:al activity. 

The biok)gical activity in vitro was determined by measuring the binding afTinity to the insulin receptors of isolated 
rat adipocytes and hepatocytes essentially as described h J. Qllemann. S. Qammeltoft: Oiabetologia 10 (1974), 
105-113. 

The insulin analogues were compared to semisynthetic hunnan insulin, the potency of which was set to 100%, and 
the results are shown in the table below: 





Adipocytes 


Hepatocytes 


desIPhe^],des(Thr^-human Insulin 


223% 


201% 


des[PheB26]-hunrwn Insulin 


225% 


249% 


[AspA^]-des(PheB2B],des[ThrB30j-hunnan insulin 


250% 


242% 



40 



The features disclosed in the foregoing descriptkxi. in the fol towing claims andter in the accompanying drawings 
may, both separately and In any combination thereof, be material for realising the Invention In diverse forms thereof. 



Cialme 



^ Claims for the following Contracting States : AT, BE, CH, DE, PR, QB, IT, U, LU, NL, SE 

1. Human insulin analogues, characterized In that they have a positivety charged amino acki residue, i.e. Lys or 
Arg, In position B28, i.e. in position 8 In the B-chain calculated from [Gly^, that they optkxwily are further nrwdifled 
in the C-termlnal end of the B^haln from [Phe^] to the C-terminal amino acid reskiue, with the proviso that there 

^ is no Pro in Poeitkxi B29, and that optior^lly A21 and/or B3 are different from Asn. 

2. Human insulin analogues, eharaetsrizsd in that they have the folkswing fonnula: 



4S 



so 
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A-Chain 



S 



H-Gly-Ile-Val 
12 3 



Glu-Gln-Cys-Cys 



Thr-Ser-Ile-Cys-Ser- 
8 9 10 11 12 



4 5 6 I 
S 



B-Chain 



S 



H-Phe-Val-Y2'-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
123456789 10 11 12 

A-Chain (contd,) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X^, X2. X3, and Y2 are any naturally occurring amino acid residue; X4 id Lys or Arg; Xs ^ selected trom 
the group consisting of any naturally occurring amino acid residua except Pro; and Xe ^ any naturally occumng 
amino acid residue carrying the C-terminel hydroxy group or -OH or Xs and Xs together form the Otermtnal hydroxy 
group. 

Human Insulin analogues according to claim 2, wherein Y^ ancVbr Y2 Is selected from the group consisting of any 
naturally occurring amino acid residue except Asn. 

Human insulin analogues according to claim 2, wherein 

X^ is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or lyr; 

X2 is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His. Ser or Phe; 

Xs Is selected from the group consisting of Pro, Qlu, Asp, Ser, Thr or His; 

Xg is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

Xe is selected from the group consisting of Thr-OH, Ser-OH, Ala-OH, AspOH, Qlu-OH or -OH, or Xg and Xe 

together form the C-tsrmral hydroxy group; 

Y<| is selected from the group consisting of Asn, Asp, Gty. Ser, Glu or Ala arxi 

Yg is selected from the group consisting of Asn, Qln, Qlu or Asp. 

Human insulin analogues according to claim 2. whereh 

X, is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or lyr; 

X2 is selected from the ^roup consisting of Tyr. Thr, Qlu, Asp. Ala, His. Ser or Phe; 

Xs is selected from the group consisting of Pro. Glu, Asp, Ser, Thr or His; 

Xg is seiected from the group consisting of Lys. Thr, Ser, Ala. Asp, or Qtu; 

Xe is -OH; 




B-Chain (contd.) 



s 
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is selected from the group consisting of Asn, Asp, Gly. Ser. Glu or Ala and 
Y2 1$ selected from the group consisting of Asn, am, Qlu or Asp. 

6. Human insulin analogues according to claim 2, wherein 

5 

X, is selected Irom the group consisting of Phe, Ala His, Thr, Ser, Asn or lyr; 

X2 is selected trom the group consisting of Tyr, Thr. Glu. Asp, Ala, His, Ser or Phe; 

is selected from the group consisting 0I Pro, Glu, Asp, Ser. Thr, or His; 
X5 and together form the C-temnfaial hydroxy group; 
10 Yi is salacted from the group consisting of Asn, Asp, Gly, Glu, Ser or Ala, and 

Y2 is selected trom the group consisting of Asn, Qln, Qlu or Asp. 

7. Human insulin analogues according to claim 2. wherein Is Phe; X2 is Tyr; X3 is Thr; X5 is Lys; is Thr-OH; Y, 
is selected from the group consisting of Asn, Asp, Ser or Gty and Y2 Is selected from the group consisting of Asn, 

IS Gin, Asp or Glu. 

8. Human insulin analogues according to claim 2, wherein X^ is Tyr. Xg is Thr. X3 is Pro; X5 is Thr; X^ is -OH; Y^ is 
selected from the group consisting of Asn. Asp. Ser or Gly and Y2 Is selected from the group consisting of Asn. 
Gin, Asp or Glu. 

20 

9. Human Insulin analogues according to claim 2, wherein X^ Is Phe; X2 Is Thr; is Pro; X5 is Thr; X« Is -OH; Y^ Is 
selected from the group consisting of Asn, Asp, Ser or Gly and Y2 is selected from the group consisting of Asn, 
Gin. Asp or Qlu. 

2S ia Human insulin analogues according to claim 2, wherein X^is Phe; X2 is Tyr; X3 is Pro; X5 is Thr; X^ is -OH; Yi is 
selected Irom the group consisting of Asn, Asp. Ser or Gly and Y2 is selected from the group consisting of Asn. 
Gin, Asp or Glu. 

11. Human insulin analogues according to claim 2. wherein said X^ amino acid is uncharged and has a carbon atom 
30 In the gamma-posltlon which Is sp2-hybridlzed and Xa Is -OH. 

12i Human insulin analogues according to claim 11 , wherein Y^ and Y2 are selected from the group consisting of any 
naturally occurring amino acid residue except Asn and )^ is selected from the group consisting of any naturally 
occurring amino acid residue except Thr and Pro. ^ 

3S 

13. Human insulin analogues according to claim 11 , wherein Xg and Xq together form -OH. 

14. Pharmaceutical composition comprising a human insulin analogue having the following formula: 

40 



4S 



60 



66 
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A-Chain 



■s 



H-Gly-ile-Val 
12 3 



I 7 

Glu-Gln-Cys-Cys 



Thr-Ser- I le-Cys-Ser 
8 9 10 11 12 



4 5 6 I 
S 



B-Chain 



S 



H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-Hi5-Leu-Val 
123456789 10 11 12 

A-Chain ( contd . ) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-LeU"Glu-Asn-Tyr-Cys--Yi-OH 



Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 



X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein , Xg, X3, and Y2 are any naturally occurring amino acid residue; X4 is Lys or Arg; Xs is seiected fronn 
the group consisting 0I any naturally occuning amino acid residue except Pro; and is any naturally occurring 
am Ino acid residue carrying the Oierminal hydroxy group or -OH or Xg and Xe together form the C-lerminal hydroxy 
group or a pharmaceulicaily acceptable salt thereof and a phannaceutically acceptable caniar. 

15. The phanmaceutical composition according to claim 14, wherein said Insulin analogue axhblla low solubility at pH 

7.3. 

16. The pharmaceutical composition accordhg to claim 15, wherein said insulin analogue is essentially mononwric. 

17. The pharmaceutical composition according to claim H wherein said pharmaceutical composition Is formulated 
as an aqueous solution. 

1& The pharmaceutical composition according to claim 14, wherein said phanmaceutical composition is formulated 
as an aqueous suspension. 

19. The phamiaceutlcal composition according to claim 14. wherein said pharmaceutically acceptable canier is an 
aqueous, isotonic solution. 

20. The phamiaceutical composition according to cla^ 17, 18 or 19, wherein said aqueous solution, aqueous sus- 
pension or aqueous isotonic solution further comprises zinc ions andtor a buffer, such as acetate or citrate and/or 
a presenrathre such as m-cresol. methytparaben or phenol. 

21. The phamnacautical composition of claim 14. wherein said pharmaceutical connposition comprises mors than one 
insulin analogue. 




B-Chain (contd.) 



S 
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22. Tha pharmaceutical composrtion according to claim 14, wherein said pharmaceutical compoeition is lormulated 
for mucosal or transcutaneous administration. 

23. The pharmaceutical composition according to claim 14, wherein said pharmaceutlcat composition is formulated 
5 for parenteral administration. 

24. The pharmaceutical compoeition according to claim 14, wherein Xe is selected from the group consisting of any 
naturally occurring amino acid residue except Pro. 



10 2S. The pharmaceutical composition according to claim 14 or 24, wherein Y, and/or Y2 is selected from the group 
consisting of any naturally occurring amino acid residue except ^n. 

28. The pharmaceutical conposHion accordrig to claim 14, wherein 



IB Xi is selected from the group consisting of Phe, Ala, His. Thr, Ser, Asn or Tyr; 

X2 Is selected from the group consisting of Tyr, Thr, Qlu, Asp. Ala, His, Ser or Phe; 

X3 is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xs Is selected from the group consisting of Lys, Thr. Ser. Ala, Asp, or Qlu; 

Xg is selected from the group consisting of Thr-OH. Ser-OH, Ab-OH. AspOH. Qlu-OH or -OH, or Xg and Xe 

20 together form the C-teiminal hydroxy group: 

Yi is selected from the group consisting of Asn, Asp, Giy, Ser, Qlu or Ala and 

Y2 is selected from the group consisting of Asn, Gin, Glu or Asp. 



27. The pharmaceutical compoeition accordrig to claim 14, wherein 

25 

Xi is selected from the group consisting of Phe, Ala. His, Thr. Ser, Asn, or lyr; 

X2 is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

X3 is selected from the group consisting of Pro, Qlu. Asp, Ser, Thr or His; 

Xg is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

30 Xe 18 -OH; 

Yi Is selected f^ the group consisting of Asn, Asp. Qly, Ser, Qlu or Ala and 

Y2 is selected from the group consisting of Asn, Ghi, Glu or Asp. 



2& The pharmaceutical conrposition according to claim 14. wherein 

X^ is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

X2 is selected from the group corwlsting of lyr, Thr, Glu, Aep, Ala, His. Ser or Phe; 

X3 is selected from the group consisting of Pro, Qlu, Asp, Ser, Thr, or His; 

Xg and Xe together form the C-terminal hydroxy group; 

Y^ is selected from the group consisting of Asn, Asp, Qly, Qlu. Ser or Ala, arxl 

Y2 is selected from the group consisting of Asn, Gin, Glu or Aep. 



29. The phamnaceutlcal composition according to claim 14, wherein X^ Is Phe; Xg is lyr; Xa l9 Thr; Xg Is Lys; Xg is 
Thr-OH ; Y^ is selected from the group consisting of Asn, Asp, Ser or Gty and Y2 is selected from the group oonsisting 

^ of Asn, Qln, Asp or Glu. 

30. The pharmaceutical composition according to claim 14. wherein X, is Tyr; X^ Is Thr; X3 is Pro; Xg is Thr; Xg is - 
OH; Y^ is selected from the group consisting of Asn, Asp, Ser or Gly arxi Y2 ie selected from the group consisting 
of Asn, Gin, Asp or Glu. 

so 

31. The pharmaceutical composition according to claim 14, wherein is Phe; X2 is Thr; X3 is Pro; Xg is Thr; Xg is - 
OH; Y^ is selected from the group consisting ol Asn, Asp, Ser, or Qty and Y2 is selected from the group consisting 
of Asn, Gin, Asp or Glu. 

32. The pharmaceutical composition according to claim 14. wherein X^ is Phe; )^ is Tyr; Xg Is Pro; X^ ie Thr; X^ Is - 
OH; Y^ is selected from the group consisting of Asn, Asp, Ser or Gly arxi Y2 is selected from the group consisting 
of Asn, Gin, Asp or Glu. 
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33. The pharmaceutical composition according to claim 1 4, wherein said X, amino acid is uncharged and has a carbon 
atom In the gamma-posftlon which Is sp2-hybrldl2ed and )^ Is -OH. 

34. The pharmaceutical composition acc rding to claim 33, wherein and Y2 are selected Irom th group consisting 
of any naturally occum'ng amino acid residue except Asn and X5 is selected from the group consisting of any 
naturally occurring amino add residue except Thr. 

36. The pharmaceutical composition according to claim 33, wherein and Xe togehter form -OH. 

36. A process for preparing a human insulin analogue having the following fonnula: 



A-Chain S — S 

I 7 I 
H-Gly-Ile"Val-Glu-Gln-Cys-Cys--Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 H 12 

S 
I 

B'Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser--His-Leu-Val- 
1 2 34 5 6 7 8 9 10. 11 12 

A-Chain (contd • ) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-GH 



B-Chain (contd,) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Giu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Cha in ( contd • ) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X,, Xg, X3, Y^ and Y^ are any naturally occurring amino acid residue; X4 is Lys or Arg; Xg is selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and Xe is any naturally occuning 
amino acid residue carrying the C-termral hydroxy group or -OH or Xs and Xs together fonn the C-terminal hydroxy 
group, wherein a DMA sequence encoding a precursor of the Insulin analogue in question Is inserted into a suitable 
yeast expression vehicle which, when transfenBd to yeast, is capable of expressing and secreting the precursor 
of the insulin analogue in which [LysB?^] , [ArgB26|[L.yQB29] gr [Arg^ is connected to Gly^^ by a peptide bond or 
a peptide of the fomiula III 



-R(n)-R{1)- 

wherein R is a peptide chain with n amino acid residues, n is an integer from 0 to 33 arxi R(1 ) is Lys or Arg, the 
transfomfied yeast strain I cultured In a suitable nutrlem medium, and the precursor is recovered from the culture 
broth and reacted with an amino compound of the formula IV 
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Q-QR' 

wherein Q Is a single amino acid residue and R" Is a cart)Oxy protecting group such as methyl or tert-butyl, using 
trypsin or trypein-like enzyme as a catalyst in a mixture ot water and organic solvents, whereupon the cartwxy 
protecting group Is removed and the insulin analogue Is Isolated trom the reaction mixture, or 
an insulin analogue precursor in which the C-tarminal amino acid is different from Lys or Arg, said precursor having 
a bridge of a single pair of basic amino acids selected from the group consisting o1 Lys and Arg between the C- 
terminal and Gly^^ may be isolated and then converted into the insulin analogue by enzymatic treatment using 
trypsin and carboxypeptidase B. 

37. A process tor preparing a human insulin analogue having the following formula: 



A-Chain S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

1 

B-Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys'-Gly-Ser-HiS"Leu-Val 
12345678 9 10 11 12 

A-Chain ( contd . ) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Lea-Glu-Asn-Tyr-Cys-Yi~OH 

I 




B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain ( contd . ) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

wherein X,, X2, X3, and Yg are any naturally occurring amino acid residue; X4 is Lys or Arg; Xg is selected from 
the group consisting of any naturally occunlng amino acid residue except Pro; and is any naturally occunlng 
amino acid residue carrying the C-termhal hydroxy group or OH or Xg and Xs together fomn the C-terminal hydroxy 
group, wherein de8(B23-B30)-human Insulin is prepared by treating an Insulin with trypsin to cleave off the 
(623-B30)-amlno acids, the desired peptide of six to sight amino acds is synthesized, the resulting psptide is 
coupled to des(B23-B30)'^uman Insulin, and the resulting Insulin analogue Is Isolated from the reaction mixture. 

3a The use 0I a compound according to any of claims 1 to 13 for the preparation of a medicament for use in the 
treatment of diabetes. 
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1. A process for preparing a human insulin analogue having the following formula: 



A-Chain S— S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 3 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
1234 56789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn~Tyr-Cys-Yi-OH 



B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain ( contd . ) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

wherein , X2, )(3, Y| and Y2 are any naturally occurring amino acid residue; is Lys or Arg; X5 selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and )^ is any naturally occurring 
amino acid residue carrying the C-termraJ hydroxy group or -OH or X5 and Xs together form the C-terminal hydroxy 
group, wherein a DMA sequence encoding a precursor ol the Insulh analogue in question Is Ir^rted into a suitable 
yeast expression vehicle which, when transfenBd to yeast, is capable of expressing and secreting the precursor 
of the Insulin analogue In which [LysB^ , [ArgP^S], [LysB29| or [Arg^ Is connected to Qly^t by a peptide bond 
or a peptide of the tomnula III 

.R(n).R(1). 

wherein R is a peptide chain with n amirx) acid residues, n is an integer from 0 to 33 and R(1 ) is Lys or Arg, the 
transfonmed yeast strain Is cultured In a suitable nutrient medium, and the precursor is recovered from the culture 
broth and reacted with an amino compound of the formula IV 

OQR' 

wherein Q is a single amino acid residue and R" is a carboxy protecting group euch as methyl or tert-butyl. using 
trypsin or trypslnHIke eniyme ae a catalyst In a mixture of water and organic sohrents, whereupon the carboxy 
prolacting group is removed and Ihe insulin analogue is isolated from the reaction mbdure, r 
an insulin analogue precursor in which the C-temiinal amino acid is different from Lys or Arg, said precursor having 
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a bridge of a srigls pair of basic amino acids selected Irom the group consisting of l^s and Arg between the C- 
terminal and Gly^i may be Isolated and then converted Into the Insulin analogue by enzymatic treatment using 
trypsin and carboxypeptidase B. 

A process lor preparing a human insulin analogue having the following formula: 



A- Chain S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 34 5 6 7 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

t 

B-Chain (contd-) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X^, X^, X3, and Y2 are any naturally occurring amino acid residue; X4 is Lys or Arg; Xg is selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and Is any naturally occurring 
amino acid residue carrying the C-termral hydroxy group or -OH or X5 and Xs together form the C-tarminal hydroxy 
group, wherein des(a23-B30)-human insulin is prepared by treating an Insulin with trypsin 10 cleave off the 
(B23-B30)-amino acids, the desired peptide of six to eight amino acids is synthesized, the resulting peptide Is 
coupled to de8(B23-8dO)-human insulin, and the resulting insulin analogue is isolated from the reaction mixture. 

The process accord'ng to claim 1 or 2, wherein and/or Y2 is selected from the group consisting of any naturally 
occurring amino acid residue except Asn. 

The procees according to claim 1 or 2, wherein 

X^ is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 
Xg is selected from the group consisting of lyr, Thr, Qlu. Asp, Ala. His, Ser or Phe; 
X3 is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 
Xs is selected from tiie group consisting of Lys, Thr. Ser. Ala, Asp, or Qlu; 

Xe is selected from the group consisting of Thr-OH, Ser-OH, Ala-OH, AspOH, Glu-OH or OH, or Xg and X^ 

together form the C-tsrmhal hydroxy group; 
Y^ Is selected from tiie group consisting of Asn, Asp, Qly, Ser. Qlu or Ala and 
Y2 is selected from the group consisting of Asn, Gin, Glu or Asp* 
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5. The proc888 according to claim 1 or 2, wherein 



10 



X<y is selected from the group consisting of Phe, Ala, His. Thr, Ser, Asn or Tyr; 

K2 Is selected from the group consisting of Tyr, Thr, Qlu, Asp. Ala, His, Ser or Phe; 

X3 is selected from the group consisting of Pr , Glu, Asp, Ser. Thr or His; 

Xg Is selected from the group consisting of Lys, Thr, Ser, Ala, Asp. or Glu; 

Xe is OH; 

is selected from the group consisting 0I Asn, Asp, Gly, Ser, Glu or Ala and 

Yg is selected from the group consisting of Asn, Gin, Glu or Asp. 

6. The process according to claim 1 or 2. wherein 



X, is selected from Ihe group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

Xg Is selected Irom the group consisting of lyr. TTir, Glu, Asp, Ala, His, Ser or Phe; 

16 ie selected from the group consisting of Pro, Glu, Asp, Ser, Thr. or His; 

and Xe together form the C-temilnal hydroxy group; 

Y^ is selected from the group consisting of Asn. Asp, Gly, Glu, Ssr or Ala, and 

Y2 Is selected frcm the group consisting of Asn, Gin, Glu or Asp. 



20 7. The process aocordin g to clarn 1 or 2, wherein X;, is Phe; Xg is Tyr; is TTir; X5 is Lys; Xe is Thr-OH; Y^ is selected 
from the group consisting of Asn, Asp. Ser or Gly and Y2 Is selected from the group consisting of Asn. Gin, Asp 
or Glu. 



8. The process according to claim 1 or 2. wheren X^ is Tyr; Xg is Thr; X3 is Pro; Xg is Thr; X^ is -OH; Y^ is selected 
^ from the group consisting of Asn. Asp, Ser or Gly and Y2 is selected from the group consisting of Asn. Gin, Asp 

or Glu. 

9. The process according to clafrn 1 or 2, wherein X^ Is Phe; Xg Is Thr; Xs is Pro; X5 18 Thr; Xe is -OH; Y-, Is selected 
from the group consisting of Asn, Asp, Ser or Gly and Yg is selected from the group consisting 0I Asn, Gin. Asp 

30 or Glu. 

ia The process according to claim 1 or 2, wherein X, is Phe; X^ is Tyr, X3 is Pro; Xg is Thr; X^ Is -OH; Y^ is selected 
from the group consisting ol Asn, Asp, Ser or Gly and Yg Is selected from the group consisting of Asn. Gin, Asp 

or Glu. 

36 

11. The process accord'ng to claim 1 or 2, wherein said X^ amino acid is uncharged and has a cartx3n atom in the 
gamma-position which is sp2-hybridized and X^ is -OH. 

12. The process according to claim 11, wherein Yl and Y2 are selected from the group consisting of any naturally 
40 occurring amino acid residue except Asn and X^ Is selected from the group consisting of any naturally occun^lng 

amino acid residue except Thr and Pro. 

19. The process according to claim 11 , wherein X^ and Xe together tonm -OH. 

^ 14. A process for preparing a phamiaceutica] composition comprising formulating a human Insulin analogue prepared 
t}y the process according to any of claims 1 to 13 or a pharmaceutically acceptable sait thereof with a phamnaceu- 
tically acceptable carrier. 

16. The process according to claim 14, wherein said Insulin analogue exhibits low solubility at pH 7.3. 

60 

16. The process according to claim 15, wherein said insulin analogue is essentially monomeric. 

17. The process according to claim 1 4. wherein said pharmacsutical composition is formulated as an aqueous solution. 

66 ia The process according to claim 14, wherein said phamraceutical composition Is formulated as an aqueous sus- 
pension. 

Id. The process according to claim 14, wherein said pharmaceutically acceptable carrier is an aqueous, isotonic so- 



26 



EPO 375 437 B1 



lution. 

20. Tbs process according to claim 17, 18 or 19, wherein said aqueous solution, aqueous suspension or aqueous 
isotonic solution further cornprlses zinc ions andtor a bull er. such as acelate or citrate and^or a preservative such 

5 as m-cresol, methylparabsn or phenol. 

21. The process of claim 14, wherein said pharmaceutical composition comprises ruore than one Insulin analogue. 

22. The process according to claim 14, wherein said pharmaceutical composition Is formulated for mucosal or trans- 
10 cutaneous administration. 

23. The process according to claim 14. wherein said pharmaceutical composition is formulated for parenteral admin- 
istration. 

IS 24. The use of a compound prepared in the process according to any of claims 1 to 1 3 lor the preparation of a medi- 
cament for use in the treatment of diabetes. 



Claims for the following Contraollng State : GR 

1. IHuman insulin analogues, oharaotarlzed In that they have a positively charged amino acid residue, l.e. Lys or 
Arg, in position B28, i.e. in position 6 in the B-chaln calculated from [Gty^^, that they optionally are further nradified 
in the C-termlnai end of the B-chain from [PheB2*] to the C-termlnal amino acid residue, with the proviso that there 
is no Pro in Position B29, and that optionally A21 and/or B3 are different from Asn. 

2. Human insulin analogues, oharaotarlzed In that they have the following formula: 



so A-Chain S -S 

I 7 i 
H-Gly-Iie-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

I 

B-Cham S 

I 

H-Phe-Val-Y2-Gln-Hi5-Leu-Cys-Gly'Ser-Hi5-Leu-Val 
123456789 10 11 12 



40 



SO 



A-Chain (contd,) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Giu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 
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10 



wherein X^, X2, X3, and are any naturally occurring amino acid rasidue; X4 is Lys or Arg; Xg is selected from 
ttie group consisting of any naturally occurring amino acid residue except Pro; and )^ Is any naturally occurring 
amino acid residue carrying the C-termrial hydroxy group or -OH or Xg and Xe together form the C-terminal hydroxy 
group. 

3. Human insulin analogues according to claim 2, wherein Y, anchor Yg Is selected from the group consisting of any 
naturally occurring amino acid residue eseept Asn. 

4. Human insulin analogues according to claim 2, wherein 



X, is selected from the group consisting of Phe, Ala, His, Thr, Ser. Asn or Tyr; 

X2 is selected from the group cor^isting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

Xq is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xs Is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

IS Xe is selected from the group consisting of Thr-OH, Ser-OH, Ala-OH, Asp-OH, Giu-OH or -OH, or Xg and Xs 

together toon the C-termhal hydroxy group; 

Y^ is selected from the group consisting of Asn, Asp, Gly, Ser, Glu or Ala and 

Yg Is selected from the group consisting of Asn, Qin, Qlu or Asp. 

20 5. Human ir^ulin analogues according to claim 2, wherein 

X^ is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

X2 Is selected from the group consisting of Tyr, Thr, Qlu, Asp, Ala. His, Ser or Phe; 

X3 is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

^ X5 is selected from the group consisting of Lys, Thr, Ser. Ala, Asp. or Glu; 

Xe ie-OH; 

Y^ is selected from the group consisting of Asn, Asp. Gly, Ser, Glu or Ala and 

Y2 Is selected from the group consisting of Asn. Qln, Qlu or Asp. 

30 6. Human Insulin analogues according to claim 2, wherein 

Xf is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

X2 Is selected from the group consisting of Tyr, Thr, Qlu, Asp, Ala, His. Ser or Phe; 

X3 is selected from the group consisting of Pro, Glu, Asp, Ser, Thr. or His; 

36 XgandXe together fomn the C-termlnal hydroxy group; 

Y^ is selected from the group consisting of Asn. Asp, Gly, Glu, Ser or Ala, and 

Y2 is selected from the group consisting of Asn, Gin. Glu or Asp. 

7. Human insulin analogues according to claim 2, wherein X^ is Phe; X2 is Tyr; X3 is Thr; X5 is Lys; Xe is Thr-OH; Y^ 
40 Is selected from the group consisting of Asn, Asp, Ser or Gly and Y2 Is selected flrom the group consisting of Asn, 

Gin, Asp or Glu. 

8. Human Insulin analogues according to claim 2, wherein X^ Is Tyr; X2 is Thr; is Pro; X5 is Thr; Xq is -OH; Y^ Is 
selected from the group consisting of Asn, Asp, Ser or Gly and Y2 is selected from the group consisting of Asn, 

^ Gin. Asp or Glu. 

9. Human Insulin analoguee according to claim 2, wherein Xi is Phe; X^ Is Thr; >^ is Pro; Xg is Thr; Xe is -OH; Y^ is 
selected from the group consisting of Asn, Asp. Ser or Gly and Y2 is selected from the group consisting of Asn, 
Gin, Asp or Glu. 

so 

10. Human hsulin analogues according to claim 2. wherein X| is Phe; X2 is Tyr; X9 is Pro; Xg is Thr; Xe is -OH; Y^ is 
selected from the group consisting of Asn, Asp, Ser or Gly and Y2 Is selected from the group corwisting of Asn, 
Gin, Asp or Glu. 

ss 11. Human hsulin analogues according to claim 2, wherein said X^ amino acid is uncharged and has a carbon atom 
in the gamma-position which is sp2-hybridized and Xg is -OH. 

12. Human irwulin analogues according to claim 11 , wherein Y^ and Y2 are selected from the group consisting of any 
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naturally occurring annino acid residue except Asn and is selected from the group consisting of any natucaily 
occurring amino acid residue sixcept Thr and Pro. 

13. Hunian insulin analogues according to claim 1 1 . wherein and Xq together torn OH, 

14. A process lor preparing a human Insulin analogue having the following formula: 



A-Chain S S 

I 7 1 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
123456789 10 11 12 

A-diain { contd . ) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Aan-Tyr-Cys-Yi-OH 

I 

-S 



B-Chain (contd. 1 S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain ( contd . ) 



X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X^, X2. X3, and Y2 are any naturally occurring amino acid residue; X4 is Lys or Arg; Xe is selected from 
the group consisting ci any naturally occurring amino acid residua except Pro; and is any naturally occurring 
amkio acid residue canying the C-lemilnal hydroxy group or -OH or Xg and Xs together fonm the G-tenninal hydroxy 
group, wherein a DMA sequence encoding a precursor of the insuih analogue in question Is inserted Into a suitable 
* yeast expression vehicle which, when transfened to yeast, is capable of expressing and secreting the precursor 
of the Insulin analogue In which [LysB^, [Arg^a^i, [Lys^ or [ArgP^ Is connected to Qly*^ by a peptide bond or 
a peptide of the tonnula III 



-R(n).R(1). 

wherein R Is a peptide chain with n amino acid residues, n is an imeger from 0 to 33 and R(1 ) is Lys or Arg, the 
transformed yeast strain Is cultured in a suitable nutrient medium, and the precursor Is recovered Irom the culture 
broth and reacted with an amino compound of the formula IV 



wherein Q Is a single amino acid residue and R' is a carboxy protecting group such as methyl or lert-butyl, using 
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trypsin or trypein-lika enzyme as a catalyst in a mixture of water and organic solvents, whereupon the cartioxy 
protecting group Is removed and the Insulin analogue Is Isolated from the reaction mixture, or 
an insulin analogue precursor in which the C-lerminal amino acid is different from Lys or Arg, said precursor having 
a bridge of a single pair of basic amino acids selected from the group consisting of Lys and Arg between the C- 
terminal and Gly^^ may be isolated and then converted into the insulin analogue by enzymatic treatment using 
tiypsin and cattioxypeptldase B. 

15. A process for preparing a human insulin analogue having the following fomnula: 



A-Chain S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

B-Chain S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 34567 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain { contd . ) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X^, X31 and ¥2 are any naturally occurring amino acid residue; X4 is Lys or Arg; Xs ^ selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and Xe is any naturally oocumng 
amino acid residue carrying the G-ternilfialhydnoxygfxxjp or OH or Xs and Xg together forni the C-lermlnal hydroxy 
group, wherein de8(B23-B30)-human insulin is prepared by treating an insulin with trypsin to cleave off the 
(B23-B30)-amino acids, the desired peptide of six to eight amino acids is synthesized, the resulting peptide is 
coupled to des(B23-B30)-human insulh, and the resulting insulin analogue is isolated from the reaction mixture. 

ia A process for preparing a pharmaceutical composition comprising formulating a human Insulin analogue according 
to any of cla'ms 1 to 13 or a pharmaceuticaily acceptable salt thereof with a phamiaceutlcaliy acceptable carrisc 

17. The process according to claim 16, wherein said insulin analogue exhibits low solubility at pH 7.3. 

la The procees according to claim 17, wherein said insulin analogue is essemiaily monomerlc. 

1 a The process according to claim 1 6. wherein said pharmaceutical composition Is fomiutated as an aqueous solution. 
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20. The process according to claim 16, wherein said pharmaceutical composition is lomnulated as an aqueous sus- 
pension. 

21. The process according to claim 16. wherein said pharmaceutlcally acceptable carrier Is an aqueous, isotonic so- 

s lution. 

22. The process according to claim 19, 20 or 21. wherein said aqueous solution, aqueous suspension or aqueous 
Isotonic solution further comprises zinc ions and/or a buffer, such as acetate or citrate and/or a preservative such 
as m-cresol. methylparaben or phenol. 

10 

23. The process of claim 16, wherein said phamnaceutlcal composition comprises more than one Insulin analogue. 

24. The process according to claim 16, wherein said pharmaceutical composition is fomnulated for mucosal or trans- 
cutaneous administration. 

16 

25. The process according to claim 16, wherein said pharmaceutical composition Is lomnulated Ibr parenteral admin- 
istration. 

2a The use of a compound according to any of clalnfis 1 to 13 tor the preparation of a medicament for use In the 
20 treatment of diabetes. 



PotentaneprOohe 

26 

PfltentaneprOehafOr foigende Vsrtragssiaaten : AT, BE, CH, DE, FR, QB, IT, U, LU, NU SE 

1. Anabge von menschlichem Insulin, gelcennzeichnet dadurch, daB die einen positfv geladenen AmlnosSurerest, 
d.h. Lys Oder Arg, an Position B2a besitzen, d.h. in Position 8 in der B4<ette, gerechnet von [Gly^. daB sie 

30 wahlwelse zusdtzlich In dem C-terminalen Ende der B-Kette von [Phe^] bis zu dem C-terminalen Aminosdurerest 
modlflzlert sind. mit der Mal3gabe. 6afl sich keh Pro In Position B29 beflndet, und daB wahlwelse A21 unfibbder 
B3 nicht Asn sand. 

2. Analogs von menschlichem tnsul'r, dadurch gslcennzeichnet, daB sie die foigende Formel besitzen: 

96 



so 



66 
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A-Kcttc s S 

I ' I 

1 2 3 4 5 o' 15 9 13 li 12 

3 

B-Kene s 

I 

r:-rhe-VaL-r2-Gln-His-Leu-Cys-G:y-Ser-His-Leu-Val 
1 2 3 4 5 6 7 8 9 10 II 12 

A-Kette (Fortsetzung) 

13 14 15 16 17 13 19 20 21 
Leu-Tyr-Gln-Leii-Giu-Aar.-Tyr-Cys-ti-OH 



B-Kctte (Fortsetzung) s 

GIu-Aia-Leu-Tyr-Leu-Val-Cys-Giy-Glu-Arg-Giy-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

3 -Chain (coned.) 

>^l-»<2->^3--<4--<5-2<o 
25 25 27 25 29 3G 

wobsi , X2, X3. und Y2 jede baliebige, natflrlich vorkommanda Amrasaure sind; X^, Lys oder Arg ist; X5 
ausgewdhll Ist aus der Qruppe, bestehend aus jeder beliebigen, natOrlich vorXommenden Aminosaure mit Aus- 
nahma von Pro; und Xe beliebiga natOrlich vorkommanda Aminosaure ist, dia dia C4amninala Hydroxygmppa 
tr&gt Oder -OH Oder X5 und Xe zusammen die C-termlnale Hydroxygruppe bildan. 

Anaioga von manschlichem Insulin nach Anspmch 2, wobai und/-odar Y2 ausgewahit sind aus der Qmppa, 
bestehand aus jadar ballabigen, natOrlich vorkommandan Aminoedura mIt Ausnahma von Asn. 

Anatoga von menschlichem Insulh nach Anspruch 2, wobel 

X| ausgewfihtt Ist aus der Qruppe, beatehend aus Phe, Ala, His, Thr, Ser, Asn oder lyr; 

ausgewdhtt Ist aus der Qruppe, bestehend aus Tyr, Thr, Qiu, Asp, Ala, His, Ser oder Phe; 
Xg ausgawahit ist aus dar Gmppe, beatehend aus Pro, Glu, Asp, Ser, Thr odar His; 
X5 ausgawShtt (st aus der Qruppe, bestehend aus Lys, Thr, Ser, Ala, Asp oder Qlu; 

Xe ausgawahit ist aus dar Qruppe, bestehend aus Thr-OH, SarOH, Ala-OH, Asp-OH. Glu-OH oder -OH, oder 

Xg und Xe bilden zusammen die G-termlnale Hydroxygnjppe; 
Y^ ausgawahit ist aus dar Gmppe, bestehend aus Asn, Asp, Gly, Ser, Qlu odar Aia und 
Y2 ausgawahit ist aus dar Qruppe, beatehend aus Asn, Gin, Glu odar Asp. 

Anafoga von menschlichem Insulin r^ch Anspruch 2, wobai 

ausgawahit ist aus dar Qruppe, bestehend aus Pha, Ala, His, Thr, Ser, Asn odar Tyr; 
)^ ausgewfihit Ist aus der Qruppe, bestehend aus lyr, Thr. Qlu. Asp. Ala, His. Ser oder Phe; 

ausgewfihit ist aus der Qnjppe, bestehend aus Pro, Qlu. Asp, Ser, Thr oder His; 
X^ ausgawahit ist aus der Qruppe, bestehend aus Lys. Thr, Ser, Ala. Asp oder Glu; 
Xe -OH Ist; 

Y^ ausgewahit ist aus der Qnippe, bestehend aus Asn, Asp, Qly, Ser, Qlu odar Ala und 



31 



EPO 375437 B1 



Y2 ausgswahtt ist aus der Gruppe, bestahend aus Asn. Gin. Glu oder Asp. 

6. Analogs von menschltchem Insulin nach Anspruch 2. wobei 

5 auegewahit ist aus der Grupps, bsstshend aus Phe, Ala, His, Thr, Ser, Asn oder Tyr; 

ausgewShIt Ist aus der Qruppe, bestehend aus lyr. Thr, Glu. Asp. Ala, His. Ser Oder Phe; 
Xs ausgewdhtt Ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr Oder His; 

X5 und Xe zusammen die C4ermlnale Hydroxygruppe bildsn; 

Yi ausgewShtt Ist aus der Qruppe, bestehend aus Asn, Asp. Gly, Glu, Ser oder Ala, und 

10 Y2 ausgewahtt ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

7. Analogs von nnenschlichem Insulin nach Anspruch 2, wobei 

X^ Phe ist; X2 Tyr ist; X3 Thr ist; X5 Lys ist; X^ Thr-OH ist; ausgewahit ist aus der Gnjppe. bestehend aus Asn, 
Asp, Ser Oder Qly und Y2 ausgewdhtt Ist aus der Qruppe, bestehend aus Asn, Qbi. Asp oder Glu. 

IB 

a Analoge von nrjenschllchem Insulin nach Anspruch 2, wobel X| lyr Ist; X2 Thr Ist; X3 Pro 1st; Xs Thr Ist; Xe -OH Ist; 
Y^ ausgewahit ist aus der Gruppe. bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit ist aus der Gruppe, 
bestehend aus Asn, Gin. Asp Oder Glu. 

20 9. Analoge von menschlichem Insulin nach Ar^ruch 2, wobei X^ Phe ist; X2 Thr ist; X3 Pro ist; Xg Thr ist; Xq -OH 
ist; Y^ ausgewahit ist aus der Gruppe. bestehend aus Asn, Asp, Ser oder Qly und Y2 ausgewdhtt Ist aus der 
Gruppe, bestehend aus Asn. Gin. Asp oder Glu. 

10. Analoge von menschlichem Insulin nach Anspmch 2, wobei X| Phe Ist; Xg Tyr ist; X3 Pro ist; X5 Thr ist; X^ -OH 
^ ist; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit ist aus der 

Qruppe, bestehend aus Asn, Qln, Asp Oder Glu. 

11. Analoge von menschlichem Insulin nach Anspruch 2, wobel die Aminosdure X, kelne Ladung besltzt urKi ein 
Kohlanstoffatom in der Gamma-Position besitzt, das sp^hybridisiert ist und Xe -OH ist. 
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12. Aruloge von nnenschllchem Insulin nach Anspruch 11, wobel Y^ und Y2 ausgewAhIt sind aus der Qruppe, beste- 
hend aus jedsr beliebigen natQriich vorkommsnden Aminosaure mit Ausnahme von Asn und X5 ausgewahit ist 
aus der Qruppe, bestehend aus Jeder beliebigen natOrtich vorkommerKlen Amlrtosdure mit Ausnahme von Thr und 

Pro. 

13. Anak)ge von menschlkshem insulin nach Anspruch 11, wobei Xg urxi X^ zusammen -OH biUen. 

14. Pharmazeutlsche Zusammensetzung, enthaltend eIn Analoges von mer)schllchem Insulin mit der folgenden For- 

mel: 



32 



EPO 375437 B1 



10 



16 



20 



A-Kecte S S 

I ' ! 

12 3 4 5 6 1 5 9 10 II 12 

B-Kettc 3 

I 

H-?r:^-Vai-Y2-^-^"His-Leu-Cys-G:y-Ser--Hi5-leu-Va: 
I 2 3 -; 5 c t' 8 9 iO 11 12 

A-Kette (Fortsetzung) 

13 1-1 13 16 17 13 15 21 
le-:-Tyr-Glr.*Leu"Glu-A3r.-Tvr*Cv5-:'? -CH 

B-Kette (Fomcirung) s 

Glu-.\l3-L6U-Tyr-Leu-Vdl-Gv5-:.:v-31u--Arg-Gly-?he- 
13 14 12 15 17 19 i; zi 22 23 24 

3-Cr.iiir. ;cor.id. ) 



Xi-v2-:<3-^<4--^5-X6 
^ 25 26 27 2a 29 30 



wobsi X2, X3, und jede bsliebigs natflrlich vorkommende Aminoeaure Bind; Xi Lys oder Arg tsl; Xg 
35 ausgewdhlt 1st aus der Qruppe, bestehend aus Jeder bellebigen natQrIich vorkommenden Aminosdure mit Aua- 
nahme von Pro; und Xq jade beliebige, natQriich vorkommendB Aminosaure ist, die die C-terminale htydraxygruppe 
tragt, oder -OH ist oder )^ und Xs zusammen die C-tarminale Hydroxygmppe bilden, oder ein pharmazeutlsch 
vertrdglichee Salz dovon und ein pharmazeutisch vertraglicher Trdger iat. 

40 IS. Pharmazeutische Zusamnieneetzung nach Anspaich H wobei das Insulln-Analoge elne geringe Ldelichkeit bei 
pH 7,3autwei8l. 

1& PhamnazeutischeZusamnnonaetzungnachAnepruch 15,wobeldadln8ulln-Anak>geimw88Qntllchenmononierist. 

^ 17. Pharmazeutische Zusammensetzung nach Anapruch 1 4, wobel die pharmazeudsche Zusammensetzung als eine 
waBrige l^ung formuilert ist. 

ia Piiamnazeutische Zusammensetzung nach Anspruch 1 4, wobei die pharmazeutische Zusammensetzung als eine 
waBrige Suspenskm formuilert ist 

so 

10. Pharmazeutische Zusammensetzung nach Anspruch 14, wobei der pharmazeutisch vertragliche Trager eine 
wHBrige Isotonlsche Ldsung tot. 

2a Pharmazeutische Zusammensetzung nach Anspruch 17, 16 oder 19, wobel die wdBrlge Ldsung. wflBrlge Sus- 
ss pension oder wdBrlge isotonische Ldsung welterhin Zinkionen und/bder einen Puffer umfaBt wie Acetat oder Citrat 
urxi/oder einen Konservierungsstolf wie m-Kresol. Methylparaben oder Phenol. 

21. Pharmazeutische Zusammensetzung nach Anspruch 14, wobei die pharmazeutische Zusammensetzung mehr 
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als ein tnsulin-Analogas umfa/^. 

22. PharmazButische Zusammensetzung nach Anspruch 14, mbei die pharmazeutische Zusammsnsetzung fQr sine 
mukosale Oder transkutane Verabrelchung tormuliert ist. 

5 

23. Pharmazeutische Zusammensetzung nach Anspruch 14, wobel die pharmazeutische Zusammensetzung lOr eine 
parenterale Veiabrelchung formullert ist. 

24. Pharmazeutische Zusammensetzung nach An^nx:h 1 4, wobel Xg ausgewahit 1st aus der Qaippe. bestehend aue 
10 joder baliebigen, natflrlich vorkommendan Aminosaure mit Ausnahme von Pro. 

25. Pharmazeutische Zusammensetzung nach Anspruch 14 oder 24, wobei und/oder Y2 ausgewahit sind aus der 
Gruppe, bestehend aus jeder natQrIich vorkommenden Aminosaure mrt Ausnahme von Asn. 

IS 2B, Pharmazeutische Zusammensetzung nach Anspruch 14, wobei 

ausgewahit ist aus der Gmppe, bestehend aus Phe, Ala, His, Thr, Ser, Asn oder Tyr; 
X2 ausgewfihit Ist aus der Gruppe, bestehend aus lyr, Thr, Glu, Asp. Ala, Mis, Ser Oder Phe; 
X3 ausgewShtt ist aus der Gruppe, bestehend aus Pn:>, Glu, Asp, Ser. Thr oder His; 
20 Xg ausgewahit ist aus der Gmppe, beetehend aus Lys, Thr, Ser, Ala, Asp oder Glu; 

Xe ausgewdhtt ist aus der Gruppe. bestehend aus Thr-OH. Ser-OH. Ala-OH, AspOH, Glu-OH Oder ^H, Oder 

Xg und Xe bikJen zusammen die C-tennlnale Hydroxygmppe; 

ausgewdhit ist aus der Qnjppe, bestehend aus Asn, Asp, Gty. Ser. Glu oder Ala und 
Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

2S 

27. Pharmazeutische Zusammensetzung nach Anspruch 14, wobei 

Xi ausgewdhit Ist aus der Gruppe, bestehend aus Phe, Ala His, Thr, Ser, Asn oder Tyr; 

Xg ausgewahit ist aus der Gruppe, bestehend aus Tyr, Thr, Glu. Asp, Ala, His, Ser oder Phe; 

30 ausgewShlt ist aus der Gruppe. bestehend aus Pro. Glu, Asp, Ser, Thr oder His; 

Xg ausgewfihtt ist aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala. Asp oder Qlu; 

Xe -OHist; 

Yi ausgewdhit ist aus der Gruppe, bestehend aus Asn, Asp, Gly. Ser. Glu Oder Ala urKi 

Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn, Gh, Gtu oder Asp. 
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28. Pharmazeutische Zusammensetzung nach Anspruch 14. wobei 



X^ ausgewahit Ist aus der Gnjppe, bestehend aus Phe, Ala, His, Thr, Ser, Asn oder lyr; 

X^ ausgewahit ist aus der Gmppe, bestehend aus Tyr, Thr, Glu, Asp, Ala, His, Ser oder Phe; 

40 X3 ausgewdhit ist aus der Gmppe, bestehend aus Pro, Qlu, Asp, Ser, Thr oder Hie; 

Xg und Xg zusammen die C4enninaie Hydroxygmppe bilden; 

Y^ ausgewfihit Ist aus der Gmppe, bestehend aus Asn, Asp. Gly, Glu, Ser oder Ala und 

Y2 ausgewdhtt Ist aue der Gmppe, bestehend aus Asn, Qln, Qlu Oder Asp. 

45 29. Phamnazeutlsche Zusammensetzung nach Anspmch 14, wobel X^ Phe Ist; X2 Tyr ist; )^ Thr Ist; Xg Lys Ist; Xg Thr- 
OH ist; Y| ausgewahit ist aus der Gmppe, bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit Ist aus der 
Gmppe, bestehend aus Asn. Gin, Asp oder Glu. 

3a Pharmazeutische Zusammensetzung nach Anspmch 14, wobel X, Tyr ist; )^ Thr ist; X3 Pro ist; Xg Thr ist; Xg -OH 
so \s% Y^ ausgewdhtt ist aus der Gruppe. bestehend aus Asn. Asp, Ser Oder Gly und Y2 ausgewdhit Ist aus der 
Gmppe, bestehend aus Asn, Gin, Asp oder Glu. 

31. Pharmazeutische Zusammensetzung nach Anspmch 14, wobel X^ Phe ist; X2 Thr ist; X3 Pro ist; Xg Thr ist; Xg 
-OH ist; Y^ ausgewahit Ist aus der Gmppe, bestehend aus Asn, Asp, Ser oder Qly und Y2 ausgew&hit Ist aus der 

ss Gmppe, bestehend aus Asn, Gin. Asp oder Glu. 

32. Phannazeutische Zusammensetzung nach Anspmch 14, wobel Xt Phe Ist; X2 V^r Ist; Pro ist; Xg Thr ist; -OH 
ist; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp. Ser oder Gty und Y2 ausgewahit ist aus der 
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Gruppe. beatehand aus Asn. Gin. Asp odar Glu. 

33. Pharmazautischs Zusammansatzung nach Anspruch 14. wobai die Aminosaura X, kaina Ladung beaitzt und ain 
Kohlenstoffatom in der Gamma-Position besitzt, das sp^-hybridisiert ist und Xe -OH ist 

5 

34. Phamiazeutische Zusammenseuung nach Anspaich 33, wobei und ausgew^tt sind aus der Gruppe, be* 
stehend aus jeder beliebigen natOrlich vorkommenden Aminosdure mit Ausnalime von Asn und ausgewdhit ist 
aus der Gruppe, bsstehend aus jeder beitebigen natOriich vorkommendan Aminosaura mit Ausnahme von Ihr. 

10 35. Pharnr^azeutischs Zusammensstzung nach Anspmch 33, wobei Xs und Xe zusammen -OIH bikjen. 

36l Verfahren zur i-lerslellung eines Anaiogen von manschiichem Insulin mit der foigenden Fonnal: 



IS 



20 



30 



40 



A-Kettc S S 

I 7 I 
H-C-lv-Ue-Val-GU-Glr.-Cvs-Cvs-Thr-Sar-ILe-Cys-Sar- 
l' 2 3 4 5 6 16 9 10 11 12 

S 
I 

B'Kene S 

I 

H-rr.e-Val-Y2-<31n-Ki5-Leu-Cys-Giy-Ser-His-Leu-VaL 
1 2 3 4 S 6 7 8 9 10 II 12 

A-Ketce (Fbrtsetzung) 

13 L4 13 16 L7 13 19 20 21 
Leu-Tyc-Gln-ueu-Glu-Asr.-Tyr-Cys-'ii-OK 

I 

B-Kette (Fortsctiung) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-GIy-?r.e- 
•3 14 15 lo 17 la 19 20 21 22 23 24 

3-C^.ain iconcd.) 

X1-X2-X3-X4-X5-X6 
2S 26 27 28 29 30 



wobal X^, X2, X9. Y^ und Y2 jede belieblge, natOriich vorkommende Aminosdura sind; X4 Lys Oder Arg Ist; Xg 
ausgawahtt ist aus der Gruppe, bastehend aus jedar baliebigen, natOriich vorkommenden Aminosaura mit Aus- 
nahme von Pro; und X^ jade baliabtge natOriich vorkommende Aminosaura ist, die die C4amninala Hydroxygnjppa 
so trigt Oder -OIH odor Xe und Xe zusammen die C-temninale Hydrcxygruppe blUen, wobal elne DNA-Sequenz, die 
ain VortaufamiolekQl dee insulin-Anatogen kodiert, in eh gaeignetes Hefe-^cpressnns-Vshikal insertiert ist. das. 
wenn es in Hsfe QbertOhrt wird, in der Lags ist, den NAsrtdufer das Insulln-Analogen zu exprimiaren und zu sakre- 
tieren. in dem [LysB^^, [Arg^. [Lys^] Oder [ArgB2S] mit Gty^*! verbunden ist durch eine Peptidbindung odar ain 
Pepttd der Formallii 

66 

-R(n)-fl(1)- 
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wobsi R eina Peptidkatte let mit n Aminosaurarastsn, n aina ganze Zahl von 0 bis 33 und R(1 ) Lya odar Arg ist, 
der iransfbrmierte Hefestamm in einem geelgneten NAhrmedlum gezOchtet wird, und der NAorldufdr aua dem Kul- 
turmadium wiadargewonnen und mil einer Aminovarbindung der Formal IV 

Q-QR' 



umgasetzt wfrd, wobei Q ein einzalner Aminosdurerast iat und R" eine Carboxy-Schutzgnippe wie Mathyl Oder 
tert-Butyl ist, unter VSsrwendung von Trypsin odar einem Trypsin-artigen Enzym als iCatalysator in einem Gemisch 

10 von Wasser und organischen Losungsmitteln, woraufhin die Carboxy-Schutzgruppe antfemt wird und das Insulin- 

Analogs aus dem Reaktlonsgemlsch Isollert wird, oder ein Vbrlaufer einas Insutln-Analogen, in dem die C-terminale 
Aminosaura nicht Lys odar Arg ist, wobai der Vorlaufar aina BrOclca aus ainem ainzainan Paar von basischan 
Aminosduren. ausgaw^lt aus der Gruppa, bestehend aus Lys und Arg, zwlschen dem C-terminaien und Giy^i 
besitzt, isoliart warden kann und dann durch enzymatlscha Baharxjiung untar Vsnwandung von Trypsin odar Car- 

is boxypeptidase B In das insulln-Anabge umgewandelt warden kann. 

37. Verfaliran zur Harstellung ainas Anatogan von manschlichem Insulin mit dar tolgendan Fomnel: 

20 A-Kene s — s 

I 7 I 

1 2 3 4 5 6^ is a i: . 11 12 

B-Kette 3 

I 

:-:-rhe-V2l-Y2-C-Ir.-r:is-Leu-Cy3-G:y-S5r-His-Leu-Val 
gf, 1 2 3 4 5 6 7 8 9 13 11 12 

A-Keue (Fortsetzung) 

13 !«» 15 15 17 13 19 22 Zi 
36 Leu-Tyr-Glr.-Leu-Glu-Asr.-7/r-Cy3-: T -OH 

I 

B-Kette (Fortsetzung) s 

40 I 

G 1 u • Ai a - Leu -? y r - Le u - Va L -C vs -Q 1 v -G 1 u - Ar g -G i y - ?h a - 
•3 14 15 16 17 13 19 Zj' 21 22 23 24 

3 -Chain ;ccncd. ) 

45 

25 2o 27 23 29 30 

60 

wobel X,. Xg, Xo, und Y2 jede belleblge, natOrlich vorKommende Amtnosdure sind; X4 Lys oder Arg Ist; Xg 
ausgews^t! Ist aus der Qruppe, bastehend aus Jeder beliebigen, natOrlich vorkommenden Aminosaure mit Aus- 
nahma von Pro; und Xe jade baliebige natOrlich vorkommsnda Aminosaura ist, die die C4erminala l-lydroxygmppa 
tragt. Oder -OH oder )4 und Xq zusammen die C-tennlnale IHydroxygruppe bikten, wobei menschllches Des 
66 (B23-B30)-ln8ulin hergastaitt wird durch Bahandain ainas Insulins mit Trypsin untar Abspaltung dar (823^30)- 

Aminosduren, das gawOnschta Paptid von aachs bis acht Aminosduren synthetlsiert wird, das rasultjerenda PaptU 
an mar^schiiches De8(B23-B30Hn8ulln gakoppah wird und das rasuttlarenda Insulin-Analoga aua dam Raaktiona- 
gamisch isoliart wird. 



36 



EP0375437B1 



3& Verwsndung einer Vsrbindung nach sinem dsr AnsprOcha 1 bis 13 zur HerBtaltung sines Msdikamsnts zur Vbr- 
wendung bel der Behandlung von Diabetes. 

5 Patentanaprdche f Or tolgenden Vsrtragsataat : ES 

1. Verfahren zur Heratellung eines Analogen von menschlichem Insulin mlt der tolgenden Formel: 



10 A-Kccte 



IS 



30 



SO 



I 7 I 
K-Gly-Iie-vai-Giu-Gln-Cys-Cvs-Thr-Ser-Ile-Cys-S2r- 
L 2 3 4 5 S I 8 9 iO IL 12 

S 

B-Keue s 



K-rr.e-Val-Y2-Gln-His-Leu-Cys-Giy-Ser-Sis-Leu-Vai 
» 123456739 10 11 12 



f 



A-Kette (Fbrtsetzung) 

13 14 13 16 17 13 19 20 21 
Lau-Tyr-Glr.-Leu-Glu-Aar.-Tyr-C/s-Yi-OH 



B-{Cette (Fortsetzung) s 

Glu-Ala-Leu-Tyr-Leu-Val-Cy5-Gly-Glu-Arg-Giy-?he- 
13 14 15 16 17 18 19 20 21 22 23 24 

3 -Chain (contd.) 

X1-X2-X3-X4-XS-X6 
25 26 27 28 29 30 

wobsl X^, X2, X3, und jede bellebige, natOrlich vorkommsrxie Aminosaure sind; X4 lye oder Arg ist; X5 
ausgswdhit Ist aus der Qruppe, bestehend aus Jeder bellebigen, natOrllch vorkommerxten Aminosdure mit Aus- 
nahme von Pro; und XsJ^ bellebige natOrllch vorhommende Aminosdure ist, diedleC-termlnaleHydroxygruppe 
tragt, oder -OH oder und Xe zusammen die C-termlnale Hydroxygruppe bllden, vvobei elne DNA-Sequer^, die 
ein VorldufermoiekOi des InsulIn-^Analogen kodlert, in eh geeignetes Hefe-Expressbns-Vehikel Insertlert tat, das, 
wenn es in Hale Qberfflhrt wird, in der Lege ist, den \A)rlaufer das Insulh-Analogen zu exprimiersn und zu sekre- 
tteren, in dem [LysB^^. [ArgB28], [LysB^S] oder [ArgB^sj mil QjyAi verbunden ist durch elne Peptldbindung oder eIn 
Peptid der Formel III 

-R(n)-R(1)- 



wobei R sins Paptidkette mit n Aminosaurerestsn, n sine ganzs Zahl von 0 bis 33 und R(1 ) Lys oder Arg ist, der 
transfonmlene Hefestamm In einem geelgneten Ndhnnedlum gezOcTttet wird. und der Vartfiufer aus dem Kultur- 
56 medium wiedergswonnan und mit einer Aminoverbindung der Formal IV 

OQR' 
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umgaselzt wird, wobei Q ein einzelner Aminosaurerest isl und R" aine Carboxy-Schutzgruppe wie Melhyl oder 
tert-Butyt let. unter Vsrwendung von Trypsin oder einem Trypsln-artlgen Enzym als Katalysator In einem Qemisch 
von und organischen Losungsmitteln. woraufhin die Carboxy-Schutzgruppe entf smt wild und das Insulin- 

Analoge aus dem Reaktkxisgemlsch isoliert wird, Oder 
S din Vorlaular eines Insul in-Analogen , in dem die Oterminale Aminosaure n icht Lys oder Arg ist, wobel der Vorlaufer 

eine BrOcRe aus einem einzelnen Paar von basischen Aminosduren, ausgewahit aus der Qruppe, bestehend aus 
Lys und Arg, zwischen dem C-terminaien und Qly^^ besitzt isoliert warden kann und dann durch enzymatische 
Behandiung unter Vidnwendung von Trypsn oder Carboxypeptldase B in das Insuiin-Anajoge umgawarKlelt warden 
kann. 

w 

2. Venahren zur Hersteiiung eInes Analogen von menschlichem insulin mit der tolgenden Formel: 



IS 



2S 



30 



40 



A-Kette s s 

I "7 I 
K-GLy-Ile-Vdl-GLu-Gia-Cya-Cvs-Thr-Ser-Ile^Cvs-Se: 
1 2 3 4 5 6 1 S 9 10 li p 

S 



^ B-Kettc S 



K-rhe-Val-Y2"Gin-Kis-Leu-Cys-Gly-Ser-His-Leu-Val 
12 3456789 10 11 12 

A-Ke«e (Fortsetzung) 

13 14 15 16 17 13 19 23 21 
Le--?yr-G In- Leu-G lu-As r.-Ty r -Cys - Y i -OK 

I 

B-Kette (Fortsetzung) s 

Glu-Ala-Leu-Tyr-Leu-Vai-Cys-Glv-Glu-Arg-GLv-Phe- 
13 14 15 16 17 18 19 2j' 21 22 23* 24 

B-Chain (coned.) 

Xl'X2-X3-X4-X5-X5 
25 26 27 28 29 30 



^ wobei X^, Xg. und Y2 |ede belleblge, notflrlich vorkommende Amlnosdure sind; X4 Lys oder Arg 1st; Xs 
ausgewahit ist aus der Gruppe, bestehend aus jeder beliebigen, natOrlich vorkommerxien Amirtosaure mit Aus- 
nahme von Pro; und XeJede belieblge natOrlk:h vortonrvnende Aminosdure Ist, die die C-tenninale Hydroxygruppe 
tragt, oder -OH oder Xg und Xg zusammen die C-temninala Hydroxygmppe bikien. wobei menschiiches Des 
(Q23-B^)-ln8uljn hargestellt wird durch Behandein eines Insulins mit Trypsin unter Alsspaltung der (B23-B30)- 

so Aminosduren, das gewOnschte PeptU von sechs bis acht Amlnosduren synthetlsiert wird, das resultlerende PeptU 
an menschi»hs8 De8(B23-BdO)-ln8ulin gekoppett wird und das resuitierende Insulin-Analoge aus dem Raaktions- 
gemisch Isollerl wird. 

3. Vertahren nach Anspruch 1 oder 2. wobei und^oder Y^ ausgewdhit sInd aus der Qruppe, bestehend aus Jeder 
ss beliebigen, natOrlich vorkommenden Aminosdure mit Ausnahme von Asn. 

4. Verlahren nach Anspruch 1 oder 2, wobei 
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ausgewahh ist aus der Gruppe, bsstehend aus Phe, Ala, His, Thr, Ser, Asn odsr Tyr; 
X2 au8gow&htt Ist aus der Qruppe, bestehend aus lyr, TTir. Qlu, Asp. Ala, His, Ser Oder Phe; 
X3 ausgswahit isl aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr odsr His; 
Xg ausgewdhit ist aus der Qruppe, bestehend aus Lys, Thr, Ser, Ala. Asp Oder Qlu; 
5 Xg ausgewahit ist aus der Gruppe, bestehend aus Thr-OH, Ssr-OH, Ala-OH, Asp-OH, Glu-OH oder -OH, oder 

X5 und Xe zusammen die C-termlnale htydroxygruppe bllden; 

ausgewahll Ist aus der Qruppe, bestehend aus Asn, Asp, Gly. Ser, Qlu oder Ala und 
Y2 ausgewahll ist aus der Gruppe. bestehend aus Asn, Gin. Glu oder Asp. 

10 5. Verfahren nach Ar^ruch 1 oder 2, wobei 

X^ ausgewahll ist aus der Gruppe, bestehend aus Phe, Ala, His, Thr, Ser. Asn oder Tyr; 

X2 ausgewahll ist aus der Gruppe, bestehend aus Tyr. Thr, Glu, Asp, Ala, His. Ser oder Phe; 

Xo ausgewdhlt Ist aus der Qnjppe, bestehend aus Pro^ Qlu, Asp, Ser, Thr Oder His; 

Xg ausgewahit ist aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala, Asp oder Glu; 

Xe -OH Ist; 

ausgewahit ist aus der Gruppe, bestehend aus Asn. Asp. Gly, Ser, Glu oder Ala und 

Y2 ausgewdhit Ist aus der Qruppe, bestehend aus Asn, Qln, Qlu oder Asp. 

20 6. Verfahren nach Anspruch 1 oder 2. wobei 

X) ausgewahit ist aus der Gruppe, bestehend aus Phe, Ala, His, Thr, Ser. Asn oder Tyr; 

X2 ausgewahit Ist aus der Qruppe, bestehend aus Tyr, Thr, Qlu, Asp, Ala, His. Ser oder Phe; 

X3 ausgewahit ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 

^ und Xe zusammen die C-terminale hlydroxygmppe bilden; 

Y^ ausgewdhit Ist aus der Qruppe, bestehend aus Asn, Asp. Qly, Qlu. Ser Oder Ala und 

Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

7. Verfahren nach Anspruch 1 oder 2, wobei 
so X, Phe ist; Tyr ist; X3 Thr Ist; Lys 1st; X^ Thr-OH ist; Y^ ausgewdhlt Ist aus der Qnjppe, bestehend aus Asn, 
y^p. Ser Oder Qly und Y2 ausgewfihtt Ist aus der Qruppe, bestehend aus Asn, Qln, Asp oder Qlu. 

a Verfahren nach Anspruch 1 oder 2. wobei X^ lyr Ist; Xg Thr ist; Pro ist; Xg Thr Ist; X9 -OH ist; Y^ ausgewdhit 
ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewahit ist aus der Gruppe, bestehend aus 

55 Asn, Qln, Asp oder Glu. 

9. Verfahren nach Anspmch 1 oder 2, wobei X, Phe ist; Xg Thr ist; X3 Pro ist; Xg Thr ist; Xg -OH ist; Y^ ausgewahit 
ist aus der Qruppe, bestehend aus Asn, Asp. Ser oder Qly und Yg ausgewdhit Ist aus der Qruppe. bestehend aus 
Asn. Gin, Asp oder Glu. 

40 

IOl Verfahren nach Anspnjch 1 oder 2. wobei X^ Phe ist; Xg Tyr ist; X3 Pro ist; Xg Thr let; Xg -OH ist; Y^ ausgewahit 
Ist aus der Qruppe, bestehend aus Asn, Asp, Ser Oder Qly und Yg ausgewdhit Ist aus der Qruppe, bestehend aus 
Asn, Qln, Asp Oder Qlu. 

46 11. Verfahren nach Anspruch 1 oder 2, wobei die Amlnosdure X| kelne Ladung beeltzt und eln Kohlenstoflatom in der 
Gamma-Position besitzt. das sp^-hybridisiert ist und X^ -OH ist. 

12. Verfahren nach Anspruch 1 1 , wobei Y^ und Yg ausgewahit sirxj aus der Gruppe, bestehend aus jeder beliebigen 
natOrlich vorlcommenden Aminosaure mil Ausnahme von Asn und Xg ausgewahit ist aus der Gruppe, bestehend 
so aus jeder beliebigen natQrIich vorKonvnenden Aminosdure mit Ausnahme von Thr und Pro. 

1% Verfahren nach Anspruch 11 , wobei Xg und Xg zusammen -OH bilden. 

14b Verfahren zur Herstellung einer phamnazeutlschen Zusammensetzung, umf^ssend das Fomiulleren eines Analo- 

56 gen von menschiichem Insulin, hergestellt durch das Vsriahren nach einem der AnsprQche 1 bis 13 oder eines 
pharmazeutisch vertraglichen Salzes davon mit sriem pharmazeutisch vartraglichen Trager. 

15, Verfahren nach Anspruch 14, wobei das (nsulin-Analoge eine geringe Loslichkeit bei pH 7,3 aufweist. 
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16l Verfahran nach Anspruch 15, wobai das Insulin-Analoga im vvasantlichan monomar ist. 

17. Veriahran nach Anspruch 1 4, wobai dia phamiazautiacha Zusammanaalzung als aine wa8riga Losung fomiuliart 
Ist 

ia Verfahren nach Anspruch 14, wobel die pharmazeutische Zusammensetzung als eina wdBrige Suspension lor- 
mullart ist. 

19. Verfahren nach Anspruch 1 4, wobei der pharmazeutisch vertrigliche Mger eine wdBrige iscrtonische l^ung ist. 

2a Vertahren nach Anspruch 17. 16oder19,wobeldiewaBrigaLd8ung, w^rigeSuspenslonoderw^rigetsotonische 
Losung wertertiln ZInkionen und/odar ainan Puffer umfaBt wia Acetat odar Citrat und/oder ainan Konaennerungs- 
stoff wia m-Krasol, Msthylparaban odar Phenol. 

IS 21. Verfahren nach Anspruch 14, wobai die pharmazeutische Zusammensetzung mehr als ein Ineulin-Analoges urn- 
faat. 

22. Verfahren nach Anspruch 14, wobel die pharmazeutische zusammensetzung fOr eine mulcosale Oder transl(utane 
Verabreichungformullert Ist 

23. Verfahren nach Anspnjch 1 4, wobei die pharmazeutische Zusammensetzung f Qr eine parenterale Vdrabrelchung 

formuiiert ist. 

24. Verwandung einar Varbindung, die durch das Verfahren nach einam der AnsprQcha 1 bis 13 hargesteilt wurda, 
^ zur Hereteliung ainas Medlicaments zur Vsmvendung bei der Behandiung von DIabelee. 

PotentaneprOehe f Qr Mgenden Vsrirageetaat : QR 

30 1. Anabge von menschllchem Insulin, gekennzelchnet dadurch, daB sle einen positiv geladenen Aminosdurerest, 
d.h. Lys Oder Arg, an Position B28 besltzen. d.h. in Position 8 in der B-Kette. gerechnel von [Qly^, daB sle 
wahlwaiae zusatzlich in dam C-terminalsn Ende der B-Katte von [PhaB24] bis zu dam C-terminalsn Aminosaureraat 
modlfizlert sind, mit der MaBgabe, daB sich kein Pro in Position B29 beflndet. und daB wahlweise A21 undfoder 
83 nicht Asn sind. 

OS 

2. Anaioga von menschllchem Insulh. dadurch gekannzeichnet, daB sle dia folgende Fomnel besitzen: 



so 



ss 
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A-Kene s 

I 7 I 

H-3:y-ri*-Val-GLu-Glr.-Cy3-Cv5-Tr.r-Sar-Ils-Cvs-Sar- 
L 2 3 4 5 6 I S 9 10 :1 12 

S 

B-Kette s 

I 

K-Fhe-Val-Ya-Gln-Hls-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 3 4 5 6 7 8 9 10 11 12 

f 

A-Kene (Fonsetzung) 

13 14 13 16 17 13 19 20 21 
Leu-Tyc-Gir.-Leu-Glu-Asr.-7yr-Cvs-Yi -OK 

i 

B-Kctte (Fortsctzung) S 

Glu-Aia-Leu-Tyc-Leu-Vai-Cys-Gly-Glu-Arg-Giy-Phe- 
13 14 13 16 17 18 19 20 21 22 23 24 

B -Chain (cor\td.) 
25 26 27 28 29 30 



wobsi X^. X2. X9, und Y2 jede beliebiga, natQrIich vorkommende Aminosaure eind; X4 Lys odar Arg ist; 
ausgewdhtt ist aus der Qnippe, bestehend aus jeder beliebigen. nalOrlich vorkommenden Aminosdure mit Aus- 
nahme von Pro; und Xe bsliebige natflriich vorkommenda Aminosaura isl, dia die C-terminala Hydraxygmppa 
tragt, odar -OH odar Xs und X^ zuaammen die C-laimrala Hydraxygmppa blMen. 

Anak>ge von menschlk^hem Ineulln nach Anspmch 2, wobei Yi und/ odar Y2 ausgewahit eirxi aua der Qruppe, 
bestehend aus jeder belleblgen, natOrllch vorkommenden Amlnoedure mit Ausnahme von Aen. 

Anaioge von menschllchem Insulin nach Anspruch 2, wobel 

ausge\Mshlt Ist aus der Gruppe, beetehend aus Pha, Ala, His, Thr, Ser, Asn odar Tyn 
X2 ausgawdhit Isl aus der Qruppe, bestehend aus Tyr. Thr, Qlu, Asp. Ala, His, Ser Oder Phe; 
Xq ausgawahlt ist aus der Gmppe, beetehend aus Pro, Glu, Asp, Ser, Thr Oder His; 
Xg ausgewdhit Ist aus der Qruppe, bestehend aus Lys, Thr, Ser, Ala, Asp Oder Qlu; 

Xq ausgewahit ist aus dar Gruppa, bestehend aus Thr-OH, Sar-OH. Ala-OH, AspOH. Glu-OH odar -OH, oder 

Xg urxi Xe zusammen die C-tenninaie Hydroxygruppe bilden; 
Yi ausgewahit Ist aus der Qruppe, bestehend aus Asn, Asp, Qly. Ser, Qlu Oder Ala und 
Y2 ausgawahlt ist aus der Gruppe, bestehend aus Asn, Gin, Glu odar Asp. 

Anak>ga von nr)en8chlichem Insulin nach Anspruch 2, wobel 

X^ ausgewdhit Ist aus der Qruppe, bestehend aus Phe. Ala. His, Thr. Ser, Asn Oder lyr; 
X2 ausgawahlt ist aus der Gmppe. bestehend aus Tyr, Thr, Glu, Asp, Ala, His, Ser oder Phe; 
Xg ausgewdhtt Ist aus der Gmppe, bestehend aus Pro, Qlu, Asp, Ser, Thr oder His; 
Xg ausgewahit ist aus der Gmppe, bestehend aus Lys, Thr, Ser, Ala, Asp odar Glu; 
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Xe -OHist; 

ausgewShlt ist aus der Qruppe. bestehend aus Asn, Asp. Qty, Ser, Qlu Oder Ala und 
Y2 aiisgewahtt ist aus der Gruppe, bestehend aus Asn, Glh, Glu oder Asp. 

5 6. Ar^loge von menschlicham Insulin nach Anspruch 2, wobei 



Xt ausgewdhit ist aua der Qruppe, bestehend aus Phe. Ala, His, TTir, Ser, Asn oder lyr; 

X2 ausgewahit ist aus der Gruppe. bestehend aus Tyr, Thr, Glu, Asp, Ala, His, Ser oder Phe; 

X3 ausgewahit ist aus der Qruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 

re Xg und Xe zusammen die C-teimlnale Hydroxygruppe bilden; 

v., ausgewdhtt ist aus der Qruppe. bestehend aus Asn, Asp, Qty, Qiu, Ser oder Ala und 

Y2 ausgewahit ist aue der Gruppe, bestehend aus Asn, Gin. Glu oder Asp. 



7. Anaioge von menschllchem Insulin nach Anspruch 2, wobei X^ Phe Ist; X2 Tyr ist; X3 Thr ist; Xe Lys ist; Xg Thr- 
rf OH ist; Y, ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit ist aus der 
Qruppe, bestehend aus Asn, Gin, Asp oder Qlu. 

a Anaioge von menschllchem Insulin nach Anspruch 2, wobei X, Tyr Ist; Xg Ttir Ist; X3 Pro 1st; Xg Thr Ist; Xe -OH let; 
Y^ ausgewShIt ist aus der Qruppe. bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewShIt ist aus der Qruppe, 
^ bestehend aus Asn, Gin, Asp oder Glu. 

9. Anaioge von menschllchem Insulin nach Anspruch 2, wobei X, Phe ist; X2 Thr ist; X3 Pro ist; Xg Thr ist; Xg -OH 
ist; Y^ ausgewdhit ist aus der Gruppe. bestehend aus Asn, Asp, Ser Oder Qty und Y2 ausgewdhtt ist aus der 
Gruppe, bestehend aus Asn, Gin, Asp odsr Glu. 

2S 

10. Analogs von menschllchem Insulin nach Anspruch 2, wobei X^ Phe 1st; X2 lyr ist; Pro ist; Xg Thr ist; Xe -OH 
ist; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser odsr Gly und Y2 ausgewahit ist aus der 
Qruppe, bestehend aus Asn. Qln, Asp Oder Qlu. 

30 11. Anaioge von menschllchem insulin nach Anspruch 2, wobei die AminosSure X, Icelne Ladung besitzt und ein 
Kohlenstottatom in der Qamma-Positlon besitzt, das sp^hybrldlsiert ist und Xe -OH Ist. 

12. Anaioge von menschtichem Insulkn nach Anspruch 11. wobei Y^ und Yg ausgewdhit sind aus der Qruppe, beste- 
hend aus jeder beliebigen natQriich vorkommenden Aminosaure mit Ausnahme von Asn und Xg ausgewahit ist 

36 aus der Qruppe, bestehend aus Jeder beliebigen natOriich vorkommenden Aminosfiure mit Ausnahme von Thr und 
Pro. 

13. Anak>ge von menschllchem Insuth nach Anspruch 11, wobei Xg und Xg zusammen -OH bilden. 
40 14. Verfahren zur Herstellung einea Anak)gen von menschllchem Insulin mit der tolgenden Formel: 
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16 



20 



A-fCene s s 

I 7 I 
H-Giy-Ile-Vdl-Glu-Gir.-Cys-Cvs-Thr-Ser-ILe-Cys-Ssr- 
L 2 3 4 5 6 ] S 9 10 li 12 

S 

B-Keue S 

I 

H-rr.e-Val-Y2-GIn-Kis-Leu-Cys-GLy-S3r-Kis-Leu-VaI 
1 2 3 4 5 6 7 3 9 10 II 12 

A-Kette (Fonseczung) 

13 14 15 16 17 13 19 20 21 
Le--Tyc-Gir.-Leu-Giu-A3n-7yr-Cvs-"ii-0r: 

I 

B-Kcttc (Fortsctzung) S 

GLu-Ala-Leu-7yr-Leu-VaI<ys-Gly-Glu-Arg-Giy-?r.e- 
2s 13 14 15 16 17 13 19 20 21 22 23 24 

S -Chair, (contd.) 

X1-X2-X3-X4-XS-X6 
^ 25 25 27 28 29 30 

wobel X^, X2. X9, und Y2 lede belleblge, natOrtlch vorkommende Aminosdure aind: X4 Lys Oder Arg lat; 
ausgewahit ist aus der Gruppe. bestehend aus jeder beliebigan, natOrfich vorkommenden Aminoeaure mit Aus- 

36 nahme von Pro; und Xe jede bellebige natOrlich vortommenda Aminosdure ist, die die C^erminale Hydroxygruppe 
tragt odar -OH oder und Xg zusamman die C-terminale Hydraxygruppa biiden, wobei eina ONA-Saquanz, die 
ein Vferiaufarmolaldll das Insuiin-Analogen kodiart. in an gaaignataa Hala-Expraasksna-Vehikal insertiart let, daa, 
wenn as In Hefe QberlOhrt wird. In der Lage let, den Vorldufer daa Inaulln-Analogan zu axprlmlaren urid zu sakre- 
tlaran, in dam [LyaB^B]. [Arq^, [LyG^ oder [ArgB29] mh GlyAi varbunden let durch aina Paptidblndung odar ain 

40 PeptidderFonmellll 

-R(n)-R(1). 

46 wobai R eine Paptidkatta mrt n AminosaurerBsten, n eina g^nza Zahl von 0 bis 33 und R(1) Lys odar Arg ist, dar 
transfomniarta Hafestamm in ainam gaaignatan Nahmoadium gazQchtat wird, und dar ^rlaufar aus dam Kuttur- 
medium wiedergewonnen und mIt elnar Amincverbindung der Formal IV 



so 



O-QR' 



umgasatzt wird. wobai Q ain ainzainer Aminosaurarast ist und R* eina Carboxy-Schutzgnjppe wia Methyl odar 
tert-Butyl Ist, unter Varwendung von Trypsin oder ein em T^pain-^rtlgen Enzym ale Katatysator In einem Qemisch 
von Wasser und organischen Ldsungsmlttein, woraufhin die Carboxy-Schutzgruppa entfemt wird und das Insulln- 
66 Anak)ga aus dam Raaktkxiagamisch Isoliart wird, odar 

ain \/briau1ar einea Insutln-Analogen, in dem die Otarminale Aminosfture nlcht Lys odar Arg lat, wobal dar VorlduTar 
ine BrQcke aus einem einzelnen Paar von basischsn Aminoeauren, ausgewahit aus der Gruppe, bestehand aus 
Lys und Arg. zwischen dem C-terminaien und GlyAi besltzt, Isoliart warden kann und dann durch enzymatlscha 
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Behandlung unter Vsrwandung von Trypan odor Carboxypeptidase B in das Insulin-Analoge umgawandelt werden 
kana 

15. Verfahren zur Herstellung einea AnaJogen von menschlichem Insulin mit der lolgenden Formei: 



A-Kette S S 

I 7 I 
K-GLy-Iie-VdL-GLu'Gln--Cy3-C7S-Tr.r-Ser-Ile-Cys-Sar- 
to L 2 3 4 5 6 1 S 9 10 I L 12 

S 

B'Kecte S 

1 

r>rhe-Val-Y2-Gin-His-Lea-Cy5-Gly--Ser-HiS'Leu-Val 
12 3456789 10 II 12 



A-Kettc (Fortsctzung) 

13 14 15 16 17 13 19 20 21 
L9u-Tyr-Gl--Leu-Glu-Asn-Tvr-Cy5'-:i -OH 

i 

j 'a 

B-Kettc (Fortscizung) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-GLu-.\rg-Cly- Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

3 -Chair, tcontd.) 

Xi-:v2-X3-X4-X5-X6 
25 26 27 28 29 30 

wobel X|, X2. X9. Yi und Y2 jede bellebige, notOrllch vortonmende Aminoedura sind; X4 Lya odor Arg ist; 
ausgawahtt ist aus dsr Gmppe. bestehend aus jeder bellebigan, natOrlich vorkDmmandan Aminosaure mit Aus- 
nahme von Pro; und Xe Jede bellebige natOrlich vortommende Aminosaure Ist. die die C-termlnale Hydroxygruppe 
tragt, oder -OH oder X5 und X^ zusamman die C-terminale Hydroxygaippe bilden, wobei menschtiches Des 
(B23-B30]-lnsul]n hergestellt wird durch Behandein elnes Insulins mit Trypsin unter Abspaltung der (823-830)- 
Aminosduren, ctes gewOnschte Peptid von sechs bis acht Amlnos^uren synthetlsiert wird, das resultierende Peptid 
an msnschliches Oe8-<B23-B30) Insulin gekoppett vvird und das resultierende Insulin-Anaiogeauedem Realdons- 
gemisch Isoliert wird. 

1& Verfahren zur Herstellung elner phamezeutischen Zusamniensetzung, umfassend das Fomiulleren eines Analo- 
gen von menschlichem Insulin gsmaB einem der AnsprQche 1 bis 13 oder eines pharmazeutisch vertraglichen 
Salzes davon mit einem phamnazeutisch vertraglichen Trager. 

17. Verfahren nach Anspruch 16, wobel das Insulin-Analoge eine geringe Ldslichkeit bei pH 7»3 aufweisl. 

10. Verfahren nach Anspruch 17. wobei das Insulin-Analoge Im wesentlichen monomer ist. 

ss 19. Verfahren nach Anspmch 1 6, wobei die phamiazeutische Zusammensetzung als eine wdBrige Ldsung fomiuilert 
ist 

20l Verfahren nach Anspruch 16. wobei die pharmazeutische Zusammensetzung als eine waBrige Suspension for- 
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mulisrt ist. 

21. Verfahren nach Anspruch 16» wobei dsr pharmazsutisch vsrtiBgliche Tragsr eins waSrigs isotonischs LoBung ist. 

5 22. Verfahren nach Anspruch 19, 20oder21. wobei die waBrigaLosung, waf^rige Suspension oderwaBrige isotonlsch 
Losung weiterhh Zlnkionen und/oder etnen Puffer unilaBt wie Acetet Oder Citrat undAoder einen Konserviervnga- 
stotf wie m-Kresoi. Methylparaben Oder Phenol. 

23. Verfahren nach Anspnx:h 16. wobei die pharmazeutische Zusammensetzung mehr als ein insulin-Analoges um- 
10 fam. 

24. Verfahren nach Anspruch 16, wobei die phannazeutische Zusammensetzung f Qr eine mukosale oder transkutane 
Verabreichungformuliert ist 

IS 26b Verfahren nach Anspruch 1 6, wobei die pharmazeutische Zusammensetzung f Qr eine parenteraie >ferabreichung 
formuliert ist. 

2a Verwendung einer Verbindung gemdB einem der AnsprOche 1 bis 1 3 zur Herstellung eines Medllcaments zur Vbr- 
wendung bel der Behandlung von Diabetes. 



20 



40 



so 



BS 



Ravondications 



ss Revendlcations pour loa Etato eontractanta auivanto : AT, BE, CH, DE, FR, QB, IT, U, LU, NL, 8E 

1 . Analogues d'Insulina humaina. caractdriste an ce qu'lls ont un rdstdu d'acide amind charge positivemant, c'est4- 
dire Lys ou Arg. k la position B28. c'est-d<lire k la position 8 dans la chaine B calculde k partir de [GlyB^, qu'lls 
soni en option de plus modifies k I'axtrdmitd C-terminals de la chatna B da [Phe^] au rdsldu d'acide amind C- 

30 terminal, h la condition qu'il nV alt pas Pro & la Position B29, et qu'en option A21 ebbu B3 sont difTdrents de Asn. 

2. Analogues tfinsulina humaina, caractdrisds an ca qu'ils ont ia formula : 
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Chainft A 

S s 

I 7 I 
H-Gly-Il«-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ilo-Cys-S«r- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln-His-L6u-Cys-GlY-Ser-Hi8-Leu-Val 
123456789 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 I 21 



Chaine B (suite) S 

1 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-61u-Arg-61y-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



Chaine B (suite) 
Xi* X2 ""X3 -X4 -Xs -Xg 
25 26 27 28 29 30 



oCi , X2. X3, et Y2 8ont tout rdsidu d'acfde amind survenant neturellemerrtp est Lya ou Arg, X5 est adiectlonnd 
parmi ie groupe conatltud de tout rdsldu cfacide amind survenant naturellement d I'exceptlon do Pro, et est tout 
residu d'acide amind survenant naturellement portant la groupe hydroxyle, ou -OH, de Taxtr^rtd C-terminale. ou 
Xg et Xe torment ensemble Ie groupe hydroxyte de I'extrdmltd C-tenmtnale. 

Analogues d'Insullne hunnalne selon la revendlcatlon 2, dans lesquela et/ou Y2 est sdlectlonnd parmI Ie groupe 
constltud de tout rdsidu d'acide amind survenant naturellement d rexceptlon de Asn. 

Analogues tflnsuline humalne selon la reverxilcation 2. dans lesquele 

X) est sdlectlonnd parmI Ie groupe constitud de Phe, Ala, His, Thr, Ser, Asn ou lyr, 

X2 est sdlectionnd parmi Ie groups constrtud de Tyr, Thr, Glu, Asp, Ala, His, Ser ou Phe, 

Xq est sdlectionnd panni Ie groupe constltud de Pro. Qlu. Asp, Ser, Thr ou His, 

Xg est sdlecllonnd pamil Ie groupe constttud de Lys, TTir. Ser, Ala, Asp ou Qlu. 

Xe est sdlsctlonnd parmi Ie groupe constitud de Thr-OH, Ser-OH. Ma-OH, Asp-OH, Glu-OH ou -OH, ou Xs at Xe 

lonnent ensemble Ie groupe hydroxyle de I'^r^mit^ C-tenmlnale, 

Y^ est sdlectlonnd parmi Ie groupe constitud de Asn, Asp, Gly, Ser, Glu ou Ala et 
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Y2 est sdlectionnd parmi le groups constitud da Asn, Gin, Glu ou Asp. 



5. Anatoguas (f Insulins humains salon la rsvsndication 2. dans Issquals 



10 



s 



X, est sdlactionnd parmi le groups constrlud de Phe, Ala, His, Thr, Ssr. Asn ou Tyr, 

Xg est s61ec1lonn6 parmi le groupe constttu6 de lyr, Thr, Glu, Asp, Ala, His, Ser ou Phe, 

Xs est sdledlonnd parmi le groupe constttud de Pro, Qlu, Asp. Ser, Thr ou His, 

Xs est sdlactionnd parmi Is groupe constitud de Lys, Thr, Ssr, Ala, Asp ou Glu. 

Xe sst -OH, 

sst sdlactionnd parmi Is groups constitud de Asn. Asp, Gly. Ser, Glu ou Ala at 

Y2 sst sdlectlonnd parmi le groups constitud de Asn, Qhi Qlu ou Asp. 



6. Analoguas d'insuline humains salon la rsvsndication 2, dans Issquals 



20 



IS 



X2 



Xs St Xe 



sst s^lectionnd parmi la groupe conatitud da Phe, Ab, His, Thr, Ser, Asnou Tyr, 
est sdlectlonnd parmi le groupe constitud de Tyr, Thr, Qlu, Asp, Ala, His. Serou Phe, 
est sdlectionnd parmi le groupe constitud de Pro. Glu, Asp, Ser, Thr ou His, 
torment ensemble le groupe hydroxyle de la terminalson C-tennlnale, 
est sdlectlonnd pamfil le groupe consttiud de Asn, Asp, Gly. Qlu, Ser ou Ala, et 
est sdlectionnd parmi la groupe constitud de Asn, Gin, Glu ou Asp. 



7. Analoguss d'insuline humains sslon la rsvsndication 2. dans Issquals X, est Phe, X2 est Tyr. X3 sst Thr, Xg sst 
Lys, Xe est Thr-OH, Y, sst s^lectionnd parmi le groupe constitud de Asn. Asp, Ser ou Qly et Y2 sst sdlectlonnd 
panni le groupe constitud ds Asn, Gin, Asp ou Glu. 



a Analogues d'insuline humalne sebn la revendicatbn 2, dans lesquels Xf est IVr, X2 sst Thr, est Pro. Xe set 
Thr. X^ sst -OH, Y^ est sdlectionni^ parmi la groups constitud da Asn. Asp, Bar ou Gly at Y2 sst sdlactionnd parmi 
Is groupe constitud de Asn, Gin, Asp ou Qlu. 

30 9. Analogues d'insuline humalne selon la reverxiication 2, dans lesquels X, est Phe, X2 est Thr, X3 est Pro, X5 est 
Thr, Xe est -OH, Y^ est sdlectlonnd parmi le groupe constttud de Asn, Asp, Ser ou Qly et Y2 est s^lectlcnn^ parmi 
Is groups constitud da Asn, Gtn, Asp ou Glu. 

IOl Analogues d'insuline humains sslon la revendication 2, dans Issqusls X, sst Phe, X2 est Tyr, X3 est Pro, Xs est 
3S Thr, Xe est -OH, Y^ est 96lectionn6 parmi le groupe constitud ds Asn, Asp, Ser ou Qly et Y2 est s^lectionnd parmi 
Is groupe constitud ds Asn, Gin, Asp ou Glu. 

11. Analogues d'insuline humalne selon la revendication 2, dans lesquels Isdit acide amind X^ sst non-chargd et a un 
atoms ds cart)one k la position gamma qui est hybrid^ par sp? et Xe sst -OH. 



12. Analogues d'insulins humains salon la revandication 1 1 , dar>s issqusls Y^ st Yg sont sdlsctionnte parmi Is groups 
constltud de tout r^ldu d'aclde amind sunrenant naturellement h I'exception de Asn et Xg sst sdledlonnd parmi 
le groupe constltud ds tout rdsldu cfacide amlnd survenant naturellement 6 rexceptlon de Thr et Pro. 

^ 13. Analogues d'insulins hunnlne selon la revendication 11 , dans lesqusis )^ et X^ ftxmant snssmbis -OH. 

14. Composition phanmaceutlque comportani un analogue cf Insulins humalne ayant la formule suh«nte : ChaTne A 



2S 



40 



so 



ss 
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S S 

I 7 I 
H-Gly-lld-Val-Glu-Gln-Cys-Cys-Thr-Sdr-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

I 

Chalne B S 

I 

H-Pho-Val-Y2-Gln-His-Leu-Cys-Gly-S«r-His-Leu-Val 
123456789 10 11 12 
Chaine A (suite) 

20 

Lou'-Tyr-Gln-Leu-Glu-Asn-Tyr-Cya -Yx-OH 
13 14 15 16 17 18 19 | 21 



Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cya-Gly-Glu-Arg-61y-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2 "X3 -X4 -X5 -X^ 
25 26 27 28 29 30 

ou Xv X2, X3. et Y28onttout rdsldu d'acide amind survenant naturallement, X4 est Lys ou Arg, Xs e«l sdlectionnd 
parmi la groupe conslitud de tout rteidu d'acide amind survenant naturallsmant k rexceplion da Pro. at )^ est tout 
r^sidu d'acide amln6 survenant natureliement portant le groupe hydroxyle. ou -OH, de I'extr^ltd Oterminale, ou 
et Xq fornient ensemble la groupe hydroxyla de rextrdmitd C-tenninale ou un sal da calut-ci pouvant dtra aoceptd 
pharmaceudquernent et un support pouvant dtre acceptd pharmoceutlquemem 

1 8. Composition pharmacautique salon la ravendication 1 4, dans laquella ledit analogue (f hsuline prdsanta une foible 
solubility ft pH 7,3. 

ia Composition phamriaceutique selon ia revendicatlon 15, dans taquelle ledll analogue d'insullne est essentiellement 
monomdrique. 

17. Composition pharmacautique selon la revendicatlon 14, dans laquelle ladite composition phanmaceutlque est for- 
mulae sous la lorma d'une solution aqueusa. 

18. Composition pharmacautique selon la ravendication 14, dans laquelle ladite composition pharmacautique est lor- 
mulde sous lafonne tfune suspension aqueuse. 

19i Composition pharmaceutiqua selon la ravendication 14, dans laquelle ledit support pouvant dtre aoceptd pharma- 
ceullquemem est une solution Isotonlque, aqueuse. 
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2a Composition pharniacsutique selon la revandication 17, 18 ou 19, dans laquslls issdhes solution aqususe. sus- 
pension aqueuse ou solution Isotonique aqueuss component do plus des ions zinc et/bu une solution tampon, 
telle que de racdtats ou du citrate et/ou un agent de consenration tel que du m-crtool, du p-hydroxybenzoate de 
mdthyts ou du phenol. 

s 

21. Composition pliamiaceuilque selon ia revendlcatlon 14. dans laqueile ladite composition phamnaceutique com* 
porle plus de un analogue d'Insuline. 

22. Composition pharmaceutlque seion la revandication 14. dans laqueile ladite composition phamnaceutique est for- 
w mul^e pour une admin islration par muqueuse ou transcutande. 

23. Composition phamfiacsutique selon la revendication 14, dans laqueile une compositicn pharmaceulique est for- 
mulae pour une administration parantdrale. 

IS 24. Composition pharmaceutlque selon ia revendication 1 4, dans laqueile Xjj est sdiectionnd parmi le groupe oonstitud 
de tout rteldu d'ecide amind survenant natureliement ft I'exceptlon de Pro. 

25. Composition pliarmaceuiique selon la revendication 14 ou 24, dans laqueile et/ou Y2 est sdiectlonnd panni le 
groupe constltud de tout r^sldu d'ecide amind sun/enant natureliement k I'exception de Asn. 



20 



2& Composition phanmaceutiquo selon la revendication 14. dans laquelte 



X, est sdlectlonnd pamii le groupe constitud de Phe, i^is, Thr» Ser, Asn ou lyr, 
Xg est sdlectionnd parmi le groups constitud de Tyr, Thr, Glu, Asp, Ala. His, Sar ou Phe, 
^ est sdlectionnd parmi le groups constitud de Pro, Glu, Asp, Ser, Thr ou His, 

Xe est sdiectionnd parmi le groupe conetttud de Lye, Tlir, Ser, Ala, Asp ou Qlu, 

est sdiectionnd parmi le groupe conatitud de Thr-OH, 8er-OH, Ma-OH, Asp-OH. Giu-OH ou -OH, ou X5 atX^ 
torment ensemble le groupe hydroxyte de i'extr6mit6 C^emninale, 
est sdlectlonne parmi le groupe constitud de Asn, Asp, Gty, Ser. Glu ou Ala at 
00 Y2 est sdlectionnd parmi le groupe conatitud de Asn, Qln, Qlu ou Asp. 

27. Composition pharmaceutiqus selon la revendication 14, dans laqueile 

X^ est sdlectionnd parmi le groupe constitud de Phe, Ala, His, Thr, Ser, Asn ou Tyr, 

3S X2 est sdledtonnd pamnl le groupe constitud de lyr, Thr, Qlu, Asp, Ala, His, Ser ou Phe, 

X3 est sdlectionnd parmi le groupe constHud de Pro, Glu. Asp. Ser, Thr ou His, 

Xs est sdlectionnd parmi le groupe constitud de Lye, Thr, Ser, Ala, Asp ou Glu, 

Xe est -OH. 

Y^ est sdlectionn^ parmi la groupe constitud de Asn, Asp, Gly, Ser, Glu ou Ala at 

40 Y2 est sdleciionnd parmi le groupe constttud de Asn, Qkn, Qlu ou Asp! 

2& Composition pharmaceutlque selon la revendication K dans laqueile 

X) est sdlectlonnd parmi le groupe constilud de Phe, Ala, Hie, Thr, Ser, Asn ou Tyr, 

^ X2 est sdlectlonnd parmi le groupe constllud de lyr, Thr. Qlu, Asp, Ala, His, Ser ou Phe, 

est sdlectionnd parmi le groupe constilud de Pro, Glu, Asp, Ser, Thr ou Hie, 
et Xs formem ensemble ie groupe hydroxyle de la termlnalson C-temninale, 
Y^ est sdlectionnd parmi le groupe constitud de Asn, Asp, Gly, Glu, Ser ou Ala, et 

Y2 eel sdlactlonnd parmi le groupe conetitud de Asn, Gin, Glu ou Asp. 

so 

29l Composition pharmaceutlque selon la revendication 14, dans laqueile X^ est Phe, X2 est Tyr, Xq est Thr. Xg eet 
Lys, Xe est Thr-OH, Y^ est sdlectlonnd parmi le groupe constitud de Asn, Asp, Ser ou Qly et Y2 est edlectlonn^ 
parmi le groupe constitud de Asn, Gin, Asp ou Glu. 

ss 3a Composition phanmaceutique selon la revendication 14^ dans laqueile X^ est Tyr, X2 est Thr. X3 est Pro, Xg eet 
Thr, Xe est -OH, Y^ est sdlectionnd parmi Is groupe constitud de Asn, Asp. Ser ou Gly et Y2 est sdtectionnd pamni 
ie groupe constltud de Asn, Qln, Asp ou Qlu. 
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31. Composition pharmacsutique selon la revendicatkm 14, dans laqualle est Phe, X2 est Thr. X3 est Pro, X5 est 
Thr. Xe est -OH, eat sdlectlonnd parml le groupe constttud de Asn, Asp, Set ou Qly et Y2 est s^lectlonnd parmi 
le groupe ccnstitud de Asn. Gin. Asp ou Glu. 

32. Composition phamiaceutique selon la revendicati n 14, dans laquelle est Phe. Xg est Tyr, X3 est Pro. X5 set 
Thr. Xe est OH, y1 est sdlectionnd pamil le groupe constitud de Asn, Asp, Ser ou Gly et Y2 est s6lectionn6 parmi 
le groupe constitu6 de Asn. Gin. Asp ou Glu. 

33. Composition pharmaceutlque selon la revendlcation 14. dans laquelle ledit aclde amind est non-chargd et a 
un atome de cart)one ^ la position gamma qui est hybride par sp^ et Xq est OH. 

34. Composition pharmacsutique selon la revendlcation 33, dans laquelle et Yg sont sdlectionnds parmi le groupe 
constitue de tout residu d'acide amind sun/enant naturellement k t'exception de Asn et est sdlectionnd parmi 
le groupe oonstltud de tout rdsidu d'acide amind sun/enant naturellement a I'exceptbn de Thr. 

35. Composition pharmaceutlque selon la revendlcation 3% dans laquelle Xe et X^ forment ensemble OH. 
3a Processus pour preparer un analogue tflnsullne humalne ayant la tomiuie sulvante : 

Chaine A 

S S 

I 7 I 
H-Gly-Ila-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Pho-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-L«u-Val 
123456 7 89 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-61n-Leu-Glu-Asn-Tyr-Cys-Yi-0H 
13 14 15 16 17 18 19 | 21 




Chaine B (suite) S 

I 

Glu-Ala-LQU-Tyr-Lau-Val-Cys-Gly-Glu-Arg-Gly-Fhe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
Xi "-X2 ""Xs — X4 -X5-X5 
25 26 27 28 29 30 
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oCi X^, X3, et Y2 sonttout rdsidu d'acide amind survenant naturellement, est Lys ou Arg, X5 est sdlectionnd 
parmi le groupe constitud de tout rdsldu d'acide amind survenant natureltement h i'exception de Pro, et )^ est tout 
rdsidu d'acide amind survenant naturellemsnt portant le groupe hydroxyla. ou -OH. de Textrdmitd Oterminal . u 
X5 et ferment ensemble le groupe hydroxyle d rextr^mlt^ c-termlnale, une sequence d'ADN codant pour un 
prteurseur de I'analogue d'insutlne en question dtant insdrd dans un vdhicule d* expression de levure adapts qui, 
lorsqu'it est trartsl^rd dans ia levure, est capable d'exprimer et de s6cr6t6r ie pr^urseur de Fanalogue d'insuline 
dans lequel [Lys^^Bj^ [Arg^], [Lys^ ou (Arg^ est relld A Qly^i par une liaison peptldique ou un peptide ayant 
lafomiulalll 

OU R est une chaTne peptldique ayant n r§sldus cfaclde amind, n est un entler comprls entre 0 et 33 et est Lys 
ou Arg, ia souche de levure transformde est cultMe dans un milieu nutritif adapts, et le prdcurseur est rdcupdrS 
d partir du bouillon de culture et mis k rdaglr avec un compose amind ayant la lomnule IV 

OOR' 

00 Q est un rtoidu d'acide amind unique et R" est un groupe de protection carboxyle tel qu'un mdthyle ou un tert- 
butyle, en utilisant de la trypsins ou une enzyme du type trypshe en tant que catalyseur dans un melange d'eau 
et de sdvanls organlques, aprto cecl le groupe de protection carboxyle est ^limine et ranalogue d'insuline est 
Isold du melange de reaction, ou 

un prdcurseur d'analogue d'insuline dans lequel I'acide amind de Textrdmitd Otenninale est difldrent de Lys 
ou de Arg, ledit prdcurseur ayant un pom constltud d'une palre unique d'acides amines baslques s6lectlonnes 
panni Is groupe constitud de Lys et Arg entre Pextrdmitd C-terminale et Gly^^peut dtre isoid et ensuite converti 
dans ranalogue d'insuline par traltement enzymailque en utilisant de la trypsins et une caitoxypeptidase B. 

37. Processus pour preparer un analogue d'insuline humaine ayant la lormute sulvante : 

90 



36 



40 



46 



so 



66 



IS 



20 
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w 



IS 



30 



36 



SO 



S6 



Chalne A 

s s 

I 7 I 
H-Gly-lle-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 



Chaina B s 

I 

H-Phe-Val-Y2-Gln-Hi8-L«u-Cys-Gly-Ser-His-Leu-Val 
1234 5678 9 10 11 12 
Chaine A (suite) 
20 20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 | 21 



Chalne B (suite) S 

I 

Glu-Ala-Leu-Tyr-Lou-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2 •Xa -X4-X5-X6 
25 26 27 28 29 30 

40 oCi , X2. X3. et Y2 sonttout rdsldu d'acide amind survenant naturellemerrt, X4 est Lys ou Arg, X5 est s6lectionnd 
parmi la groups constitud da lout rteidu cfacide amind survenant naturellement k I'axception da Pro. at )^ asl tout 
rteMu d'acide amind survenant naturellement portant la groupe hydroxyle, ou -OH, da I'extrdmttd C-termlnale, ou 
Xs et Xe lonment ensernble le groupe hydroxyle de I'extrdmitd C-termlnale. dans lequel da8(B23-B30)-insu!lne 
humalne est prdpard en traitant una insulina par la trypsins pour diver lea acides amines (823 k 830). le peptide 

45 voulu de six & huit acides aminds est synthdtlsd, te peptide rdsuttant est relld d des(B23-B30}-lnsullne humalne, 
st Tanalogue d'insuflne resultant est Isold du mdlange de reaction. 

3a Utilisation cTun oomposd salon Tune queloonqua des revendications 1 k 13 pour la preparation d'un mMicament 
deslind k dtre utiiisd dans le traitement de diabetes. 



Revendleotlons pour i'Etat eontraotant eulvant : ES 

1. Processus pour preparer un analogue tf Insuiine humalne ayant la formula suivante : 
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Chains A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 II 12 

S 
1 

Chaine B S 

I 

H-Pha-Val-Y2-Gln-Hi8-Leu-Cys-Gly-Ser-His-Leu-Val 
1234567 89 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Lou-Glu-Afln-Tyr-Cya -Yi-OH 
13 14 15 16 17 18 19 | 21 

. ^ 

I 

Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Pho- 

13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B {suite) 

25 26 27 28 29 30 

ou X-i , X2. X3, Yi et Y2 sonttout rdsUu d'acide amind survenant natureliemenl. X4 est Lys ou Arg, Xs est s^lectlonnd 
parmi le groupe conslitud da lout rteidu d'acide amin^ survenant naturellemsnt k rexception de Pro, et )^ est tout 
r4sidu d'ackie amind survenant naturellement portent le groupe hydroxyle, ou -OH, de rextr6mnd C-termlnate, ou 
et torment ensemble le groupe hydroxyle de Textrdmltd C-termtnale, une sequence ADN codant pour un 
prdcurseur de Tanalogue d'Insulma en question 4tant insM dans un vdhicule cf expression de fevure adapts qui, 
iorsqu'll est transf^rd dans la levure, est capable d'exprimer et de ster^ter le pr^urseur de ranalogue d'Insullne 
dans Isquel [LysBasj, [ArgSaBj^ [Lys^M] ou [ArgB29j qqi rslid k Gly^i par une liaison peptidrque ou un peptide ayant 
lafomriule HI 

oCi R est une chaTne peptidlque ayant n rdsidus d'acide amind, n est un entler compris entre 0 et 33 et R* est Lys 
ou Arg. la souche da levure transform^ est cultivde dans un milieu nutrrtif adapts, et Is prdcurseur est rdcupM 
t partir du bouillon de culture et mis d rtoglr avec un composd amind ayant la tormule IV 

Q-OR' 
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OD Q est un rdskJu decide amin6 unique et R' est un groupe da protection caitoxyls tel qu*un mdthyle ou un tart- 
butyld. en utilisant de !a trypslne ou una enzyme du type trypslne en tant que catalyseur dans un mdlange d'eau 
at da sdvants organ Iquas, aprbs ceci la groupa da protection cartx>xyla ast elimind at fanaJogue d'insulina est 
iaol6 du nn^tange d ruction, ou 

un prdcureeur d'analogue d'inauline dans lequel l*aclde amind de Fextrdmitd C-tenninate est difldrentde Lye 
ou da Arg, ledit pr^curseur ayant un pont conatitud d'une pairs unique d'acldea amin^ basiques sdlectionnds 
parnni te groupe conatitud de Lya at Arg antra rextr6nnll6 C-termlnale et QlyAi peut dtre isoid at ensuite convert! 
dans ^analogue d*insuline par traitement enzymatiqua en utilisant de la trypslne et une carboxypeptidase B. 

Processus pour preparer un analogue d'insuline humaine ayant la formule suivanta : 
Chaine A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B 5 

I 

H-Phe-Val-Y2-61n-His-L«u-Cy5-Gly-Ser-His-Leu-Val 
1234567B9 10 1112 
Chaine A (suite) 

20 

Leu-Tyx-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 I 21 



Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
Xi ••X2 "Xj '-X4 -Xs -X^ 
25 26 27 28 29 30 

ou , )C2, X3, et Y2Sonttout rdsldu d'acide amine survenant naturellement, X4 est Lys ou Arg, Xg est sdlectionnd 
pamrti la groupe ccnstltud de tout rdaldu d'acide amind survenant naturellement k I'axcaption de Pro, at est tout 
rdsidu d'acide amind survenant naturellement portant le groupe hydroxyle, ou -OH, de raxtrdmitd C-terminale, ou 
Xg el Xe lonment ensentble le groupe tiydroicyle de rextrdmltd C-temnlnale, dans lequel des(B23-B30)-lnsullne 
humaine est prdpard en traltant une insullne par la tiypsine pour cllvar las acldes amines (823 d B30). le peptide 
vouiu de six ^ huit acldes aminds est synthdttsd, le peptide resultant est relid k des(B23-BdO)-insulins hunnaine, 
et I'analogue dlnsullne rteultant est Isold du mdlange de reaction. 
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3. Processus ssion la ravandication 1 ou 2, dans lequal et/ou Y2 est sdlactionnd parmi le groups constilud ds tout 
rdsldu tf aside amind survenant naturellement h ('exception de Asn. 

4. Processus selon la revendicaticxi 1 ou 2. dans lequel 

5 

est s6lecl!onn6 parmi le groups constitud de Phe, Ata, His, Ihr, Ser. Asn ou TVr, 
X2 est s6iectionn6 parmi le groupe constitud de lyr. Thr. Qlu, Asp. Ala. His, Ser ou Phe, 

est sdleclionnd parmi le groups constitud de Pro. Glu. Asp, Ser, Thr ou His, 
Xe est sdlectionnd parmi le groupe constitu^ de Lye, Thr. Ser, Ala, Asp ou Qlu. 
w Xe est sdlectionnd parmi la groups consthud de Thr-OH. 8er-OH. Ala-OH, Asp-OH. Glu-OH ou -OH. ou X5 et 

Xe formant ensemble le groupe hydroxyte de Textrdmltd C-termlnale, 

est salactionnd parmi le groupe constitud de Asn. Asp, Gly. Ser. Glu ou Ala et 
Y2 est sdlectionnd parmi le groups constitud de Asn. Gin, Glu ou Asp. 

5. Procsssus selon la rsvendication 1 ou 2, dans lequel 

X) est sdlectionnd parmi le groupe constitud de Phe, Ala, His, Thr. Ser. Asn ou Tyr, 

X2 est sdledlonnd parmi le groupe constttu^ de lyr, Thr, Qlu. Asp, Ala, His, Ser ou Phe, 

X3 est sdlectlonnd parmi le groupe constttud de Pro, Qlu. Asp. Ser, Thr ou His, 

20 x^ est sdlectionnd parmi Is groups constitud ds Lys, Thr, Ssr, Ala. Asp ou Glu, 

Xe est -OH. 

Yi est sdlectionnd parmi Is groups constrtud ds Asn. Asp. Gly, Ser. Glu ou Ala st 

Y2 est sdlectionnd parmi le groups constrtud de Asn, Qln, Qlu ou Asp. 

6. Procsssus selon la rsvsndication 1 ou 2, dans IsqusI 

X^ est s^lsctionnd panni Is groups oonstitud ds Phs, Ala, His, Thr, Ser, Asn ou Tyr, 

X2 est s^lectlonnd parmi le groupe constttud de lyr, Thr, Qlu, Asp. A^ His, Ser ou Phe. 

Xg est salactionnd panni Is groupe constitud ds Pro, Glu, Asp, Ssr, Thr ou His, 

30 Xs et Xs lorment ensemble le groupe hydroxyte de la termlnaison G-terminale, 

Yi est s^tectionnd parmi le groupe conslltud de Asn, Asp, Qly, Qlu, Ser ou Ala, et 

Y2 est s^lsctionnd parmi Is groupe oonslltud ds Asn, Gin, Glu ou Asp. 

7. Procsssus sslon la rsvsndication 1 ou 2, dans Isqust X^ est Phs. X2 est Tyr. sst Thr. Xg sst Lys. set Thr- 
35 OH, Y^ est s^lectionnd pamni le groupe constitu6 de Asn, Asp, Ser ou Qly et Y2 est sdlectlonnd parmi le groupe 

constitud ds Asn, Gin, Asp ou Glu. 

8. Processus selon la revendication 1 ou 2, dans lequel X^ est lyr, )^ est Thr, Xq est Pro, Xe eet Thr, Xe est -OH, Y^ 
est sdlectionnd panrti le groups constitud ds Asn, Asp, Ssr ou Gly st Y2 sst sdtsctionnd parmi Is groups oonstitu^ 

40 ds Asn. Qln. Asp ou Qlu. 

9. Processus selon la revendlcaHon 1 ou 2, dans lequel X, est Phe, X2 est Thr, X3 est Pro, X5 est Thr, Xe est -OH, 
Y^ est sdlectlonne pamni le groupe conetltud de Asn, Asp, Ser ou Qly et Y2 eet eeiectionnd panni le groupe constitud 
de Asn, Gin, Asp ou Glu. 

46 

ia Processus sslon la rsvsndication 1 ou 2, dans IsqusI X^ sst Phe. Xg est Tyr. sst Pro. X^ est Thr. Xe est -OH, 
Y^ est s^lectionnd parmi le groupe constitudde Asn, Asp. Ser ou Gly el Y2 estedlectlonnd parmi le groupe constltud 
de Asn. Gli. Asp ou Glu. 

so 11 . Processus selon la revendication 1 ou 2. dans lequel ledit aclde amlnd X^ est non-chargd et a un atome de carbons 
k la position gamma qui est hybrid^ par sp^ st )4 est -OH. 

12. Processus selon la revendication 11, dans lequel Y^ et Y2 sont sdlectionnds parmi le groupe oonstitud ds tout 
rdsidu d'acide amin6 survenant naturellemem d I'excepilon de Asn et Xs est sdiectbnnd parmi le groupe constltud 

S6 de tout rdsidu d'acide amind survenant naturellement d Texception do Thr et Pro. 

13. Processus selon la revendication 11. dans lequel Xs et Xe lorment ensemble -OK 
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14 Processus pour preparer una composition pharmacautique consistant k formuler un analogue cfinsuline humaina 
pr^pard par le processus selon i'une queicorx^ue des revendicatlons 1 d 13 ou un sel de celul-ci pouvant dtre 
accepts pharmacautiquement avsc un support pouvant dtra accepts pharmacautiquemant. 

16w Processus selon la revandication 14, dans laquel ledil analogue d'insulina prdsente une faible solubilltd k pH 7,3. 

ia Processus salon la revendication 15, dans lequel (edit analogue d'inaullne est essentlellement nrxinomdrique. 

17. Processus selon la revendication 14, dans lequel ladlte composition pharmaceullque est formulae sous la lomie 
cf una solution aquausa. 

18. Processus salon la revendication 14, dans lequel ladita composition pharmacauliqua est formulae sous la forma 
dune suspension aqueusa. 

Id. Processus salon la revendication 1 4, dans lequel ledit support pouvant dire accepts pharmacautiquament est une 
solution isotonlque, aqueuse. 

2a Processus selon la revendication 17, 18 ou 19. dans lequel lesdttes solution aqueuse, suspension aqueuse ou 
solution Isotonlque aqueuse comportent de plus das Ions zinc eUou une solution tampon, telle que de I'ac^e ou 
du citrate at/ou un agent da conservation tel que du m-crdsol. du p-hydroxybenzoata de mdthyle ou du phdnol. 

21. Processus selon la revendication 14, dans lequel ladite composition pharn\aceutiqua oomporte plus de un analo- 
gue d'inaullne. 

22. Processus selon la revandication 14, dans lequel ladite composition pharmacautique est formulae pour une ad- 
ministration par muqueuse ou transcutande. 

23. Processus selon la revendication 14, dans lequel ladite composition phamttceutlque est formulae pour une ad- 
ministration parentdrale. 

24u Utilisation tfun compost prdpard dans le processus selon I'une quelconque des revendicatlons 1 h 13 pour la 
preparation d'un mMicamant dastnd k dtra utilise dans le Iraitamant da diab&taa. 



Revendicatlons pour I'Etat eontraetani sulvant : GR 

1. Analogues d'insuline humaine, caract6risds en ce qu'ils ont un rdsidu d'acide amind chargd posrtivement, c'est-d- 
dire Lys ou Arg, h la position B28, c'est-d-dlre k la position 8 dans chaTne B calculde k panir de [Qly^, qu'lla 
soni sn option da plus modifies k Textrdmitd C-tanninale da la chatna B de [Phe^] au rtoidu d'acide amind C- 
tenmlnal, k la condition qu'il nV alt pas Pro & la Position B29, et qu'en option A21 ettou B3 eont difTdrents de Asn. 

2. Analogues d'insuline humaine. caractdrlsto en ce qu'lb ont la fbrmule : 
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Chaine A 

S s 

I 7 i 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Sar-IlG-Cya-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Pha-Val-Ya-Gln-Hxs-Lau-Cys-Gly-Ser-Hia-Leu-Val 
123456789 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cya -Yi-OH 
13 14 15 16 17 18 19 I 21 

I 

Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val'-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



Chaine B (suite) 
Xi -'X2 -X3 -X4-X3 -X5 
25 26 27 28 29 30 

oD X, , X2, X3, et Y2 sonttout rdsidu d'aclde emind survenant naturellementt X4 est Lys ou Arg, X5 est ddlectlonnd 
parmi le groupe constttud de tout rdsidu tfacide amlnd survenant naturellement d I'exceptlon de Pro, et )^ est tout 
rdskJu d'acide amind suivanant naturellement portant la groupe hydroxyle, ou -OH, da TaxtrdrnHd C-terminale, ou 
Xs 0t Xs torment erwemble le groupe hydroxyle de I'extrdmltd C-temfilnale. 

Analogues d'insullne humalne selon la revendicatlon 2, dans lesquels et^ou Y2 est sdlectlonnd parmi le groupe 
constrtud de tout rteidu cfacide amind survenant naturellement d Texception de Asn. 

Analogues d'insullne humalne selon la revendication 2. dans lesquels 

Xi est sdlectlonnd pamit le groupe consdtu^ de Phe, Ala. His, Thr, Sen Asn ou Tyr, 

X2 est sdlectionnd parmi le groups consthud de Tyr, Thr, Glu, Asp, Ala, His, Sar ou Phe, 

Xs est s6lectlonnd parmi le groupe consdtu^ de Pro, Qlu, Asp, Sen Thr ou His, 

Xe est sdlectlonnd parmi le groupe constitud de Lys, Thr, Ser, Ala, Asp ou Qlu. 

X^ est sdlectionnd parrfii la groupe constitud da Thr-OH, Sar-OH, Ala-OH. Asp-OH. Glu-OH ou -OH, ou )^ at 

Xe torment ensemble le groupe hydroxyle de Textr^mltd C-termlnaie. 

Y^ est sdladionnd parmi le groupe constrtud da Asn, Asp, Gly, Ser, Glu ou Ala at 
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Y2 est sdladionnd parmi le groups constrtud da Asn, Gli, Glu ou Asp. 

5. Analogues cfinsulins humains selon la revendtcation 2, dans lesquets 

5 set sdleclionnd parmi le groups constitud de Phe. Ala, His, Thr, Ssr, Asn ou Tyr, 

X2 est sdlectlonnd parmi Is groups constttud de lyr. Thr. Glu. Asp. Ala. His, Ser ou Phe, 

X9 est s6lectlonn6 parmi le groupe constttud de Pro. Glu. Asp. Ser. Thr ou Mis, 

Xg set sdlactlonnd parmi le groups constrtud ds Lys, Thr, Ssr. Ala, Asp ou Glu, 

Xe est -OH, 

w sst sslectlonnd jparml la groups constitud de Asn. Asp, Gly. $er, Glu ou Ala et 

Y2 est sdlectlonnd parmi le groupe constitud de Asn, Gin, Glu ou Asp. 

6. Analogues tflnsulins humains ssion la rsvsndication 2. dans lesquels 



IB X| sst s^lsct'onnd pamni Is groupe conslitud ds Phs, Ala, His, Thr, Ser, Asn ou Tyr, 

X2 est sdlectlonnd parmi le groupe constitud de lyr, Thr, Glu, Asp, Ala. His, Ser ou Phe, 

X3 est sdtsctionnd pamni Is groupe constitud de Pro, Glu, Asp, Ser, Thr ou His, 

Xg et Xe lomrisnt ensemble le groupe hydroxyle de la terminalson Otemiinals, 

Yi est s^lsctlonnd parmi le groupe constltud de Asn, Asp. Gly, Glu, Ser ou Ala, et 

20 Y2 est sdlsctionnd pamni le groupe oonstitud da Asn, Gin. Glu ou Asp. 



7. Anabguss d'insuline hunr^atne salon ia revendication 2, dans lesqusis X^ est Phe. X2 est Tyr, X3 est Thr, Xg est 
Lys, Xe sst Thr-OH, Y^ est s^lectlonnd panml le groupe constltud de Asn, Asp, Ser ou Gly et Y2 est sdlsctlonnd 
panmi Is groupe constitus ds Asn. Gin, Asp ou Glu. 

25 

8. Analogues dlnsuline humalne ssion la revendication 2, dans lesquels X^ est Tyr, X2 est Thr, X3 est Pro, Xg est 
Thr. Xe ^ -OH, Y^ est sdlectionnd parmi Is groupe constitud de Asn, Asp. Ser ou Gly et Y2 est sdlectlonnd panni 
le groupe corwtitud de Asn, Gin, Asp ou Glu. 

30 9. Analogues d'insuline humalne selon la revendication 2, dans lesquels X, est Phe. X2 est Thr. X3 est Pro. Xg est 
Thr, Xe est -OH, est sdlsctlonnd parmi le groupe constltud de Asn, Asp, Ser ou Gly et Y2 est s^lectlonnd parmi 
le groupe constitud de Asn, Gin, Asp ou Glu. 

ia Analoguss d'insuline humaine ssion la rsvsndication 2, dans Issqusis X, sst Phe. X2 est Tyr, X3 est Pro. Xg sst 
36 Thr, Xe est -OH, Y^ est sdlectionnd pamni le groupe constltu^ de Asn. Asp, Ser ou Qty et Y2 est sdlectlonnd parmt 
le groupe constitu6 de Asn, Gin, Asp ou Glu. 

11 . Analogues d'insuline hunnalne selon la revendication 2, dans Issquels Isdit acide amln^ X^ est non-charg6 et a un 
atome de cartxxie k la position gamma qui est hybrid^ par sp? st Xe sst -OH. 

40 

12. Analogues dinsuline humaine selon la revendication 1 1 , dans issqusis Y^ at Yj sont sdlsctionnds parmi le groupe 
conatltud de tout r^sldu d'aclde amind sunrenant naturellement h I'exceptlon de Asn et est sdlectlonnd parmi 
le groupe constltud de tout rteidu <f aclde amind survsnant naturellement & Texceptlon de Thr et Pra 

45 ia. Analogues tflnsullne humalne selon la revendication 11 , dans lesquels et X^ torment ensemble -OH. 

14. Processus pour preparer un analogue cfinsullne humalne ayant la formula sulvante : 



so 
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10 



16 



20 



26 



30 



Chains A 

S s 

I 7 I 
H-Gly-lle-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-SQr- 
1 2 3 4 5 6 I 8 9 10 11 12 



Chalne B S 

I 

H-Phe-Val-Y2-Gln-His-Lau-CyS'Gly-S«r-His-Leu-Val 
1234S6789 10 11 12 
Chalne A (suite) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 | 21 

I 

Chaine B (suite) S 

I 

Glu-Ala-Lau-Tyr-Leu-Val-Cys-Gly-Slu-Arg-Gly-Phe- 

13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
Xi -X2 "Xa -X4 — X5 ^x^ 
25 26 27 28 29 30 

40 oCi X2> X3. Y| et Ye sonttout rdsMu d'aclde amind survenant natureilemerrt, X4 est Lys ou Arg, X5 est ediectlonnd 
parmi Id groupe oonstitud de tout rteidu cfacide amind survenant naluraliament k Taxceplion de Pro, el est tout 
r^ldu d'aclde amind auivenant naiurellement pedant le groupe hydroxyie, ou -OH, de rextr^mttd G-termlnale, ou 
Xg et Xg torment ensemble le groupe hydnoxyle de rextrdmitd C-termlnale, une sequence ADN codant pour un 
prdcureeurde Tanalogue d'Insuline en question dtani insdrd dans un vdhicule cf expression de tevure adaptd qui, 

4S iorsqu'il est trar»f6rd dans la levure, est capable d'exprtmer et de aterdter le pr6curseur de ranelogue d'Insullne 
dans Isqual [LysBSSj^ [ArgB2S]^ [Lys^^ ou [Arg^^d] est relid k Gly^i par una liaison peptidique ou un peptide ayant 
lafomnule III 

60 '^n'^^' 

oD R est une chaTne peptidique ayant n rdsldus d'aclde amind, n est un entler compris entre 0 et 33 et HP est Lys 
ou Arg, la souche de Isvurs transformde est cultiv^a dans un milieu nutritif adapts, et Is prteurseur est rdcupdnd 
k partir du bouUlon de culture et mis £1 rtogir svec un composd amln6 ayant ia lormule IV 

56 
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OCi Q est un r^idu d'acide amind unique et R" est un groupe de protection carboxyle tel qu'un mdthyle ou un tert- 

butyle, en utillsant de la trypslne ou une enzyme du type trypslne en tant que catalyseur dans un mdiange d'eau 
8t da sotvanls organiques, apr^ ceci la groupe de protection cartxsxyls est elimind el Tanalogue d'insuiine est 
Isold du melange de reaction, ou 
5 un prdcurseur d'analogue d'insuiine dans iequel I'acide amind de Fextrdmitd C-terminale est diffdrsnt de Lys 

ou de Arg, ledit prdcurseur ayam un pont constiiud d'une palre unique d'acldes amines basiques sdlectbnnde 
pamni ie groupe constilud de Lys et Arg entre rextr6mtt6 C-termlnale el Qy^'i peut 6tre Isold et ensulte converti 
dans ^analogue d'insuiine par Iraitement enzymatique en utillsant de la trypsine et une carboxypeptidase B. 

to 15. Processus pour preparer un analogue d'insuiine humaine ayant la tormule suivante : 
Chaine A 



16 



20 



36 



46 



SO 



-5 



I 7 I 
H-Sly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Sar-ne-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-GlY-s«r-Hia-L©u-Val 
1234 567 8 9 10 11 12 
Chaina A (suite) 

20 

L«u-Tyr-Gl n-Leu-Glu-Asn- Tyr-Cys -Yi-OH 
13 14 15 16 17 18 19 | 21 



r 



-s 



Chaine B (suite) S 

I 

Glu--Ala-Leu-Tyr-Lou-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2 "X3 X5 -X^ 
25 26 27 28 29 30 



oD , X2> X3. Yi et Y2Sonttout rdsidu d'acide amind survenant naturellemsnt. )Q est Lys ou Arg, Xg est sdlectionnd 
parmi Ie groupe constltud de tout rdsidu cf aclde amlnd sun^enant naturellement & I'exceptlon de Pro, et )^ est tout 
rdsidu d'acide amind sun/enant naturellement portant Ie groupe hydroxyle, ou -OH, de raxtrdmrtd C4erminale. ou 
Xs et Xe fonment ensemble la groupe hydroxyle de I*extr6mlt6 C^ermlnate, dans Iequel des(B23-B30)-(nsullne 
S6 humaine est prdpard en traitant une insuilne par la trypsine pour diver les acldes aminte (B23 k B30), Ie peptide 
voulu de six k huit acides aminte est synthdtisd. Ie peptide resultant est reiid k des (B23-B30) -insuilne humaine, 
et {'analogue d'insuiine rdsultant est Isold du melange de rdactloa 
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16L Processus pour prdparsr une composition pharmaceutique consistant k formulsr un analogue cf insulne humaine 
pr^r6 par le processus selon I'une quelcorK|Ud des revendlcallons 1 d 13 ou un sel de celul-cl pouvant dtre 
accepts pharmacautiqusment avec un support pouvant §tre accepts pharmaceutiquement. 

5 17. Processus s Ion la revendicatton 14, dans lequel ladtt analogue d'insuline prdsente une faible solubilitd k pH 7,3. 

ia Processus selon la revendlcation 15, dans lequel ledit artalogue d'insuline est essentlellement monomdrique. 

19. Processus selon la revendlcation 14, dans lequel ladite composition pharmaceutique est fomrtul^e sous la tonne 
10 d'une solution aqueuse. 

2a Processus selon la revendlcation 14, dans lequel ladite composition pharmaceutique est formulae sous la fomna 
cTuns suspension aqueuse. 

IS 21 . Processus selon la revendlcation 1 4, dans lequel ledit support pouvant dtre accepts pharmaceutiquement est une 
solution isotonlque, aqueuse. 

22. Processus selon la revendlcation 17, 16 ou 19. dans lequel lesdites solution aqueuse, suspension aqueuse ou 
solution isotonlque aqueuse comportent de plus des ions zinc eVbu une solution tampon, telle que de I'acdtate ou 

^ du citrate et/ou un agent de conservation tel que du m-crdsol, du p-hydroxybenzoate de m^thyle ou du phdraL 

23. Processus selon la revendlcation 14, dans lequel ladite composition pharmaceutique oomporte plus de un analo- 
gue d'insuline. 

24. Processus selon la revendlcation 14, dans lequel ladite composition pharmaceutique est fbrmuide pour une ad- 
ministration par muqueuse ou transcutande. 

26. Processus selon la revendlcation 14, dans lequel ladite composruon phannaceutlque est fonnul^e pour une ad- 
ministration parentdrais. 

30 

26. Utilisation tfun compose pr^pard dans le processus selon I'une quelconque des revendlcatlons 1 ft 13 pour la 
preparation d'un mddicamsnt destiid k dtrs utilisd dans le traitsment da diab&tas. 
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FIG. 1 
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10 20 30 40 50 60 

I I i I ) I 

GAATTCCATTCAAGAATAGTrCAAACAXGAAGATTACMUkCTATC^ 

70 80 90 100 110 120 

i I I I t I 

ATAAACGACCIVAAAGAATGAAGGCTGTTTTCTTGGTTTTGTCCT^ 

ISZLysAlaValFlieLeuValLeuSftrLftuIleGlyFheCysTrp 
130 140 150 160 170 IBO 

I i I I I I 

GGCCCAACCAGTCACTGGCGATGAATCATCTGTTGAGATTCCGGAAGAGTCTCTG 
AlaGlnProValThrGlyAflpGluSarSerValGlulleProGluGluSerLeuIlelle 

190 200 210 220 230 240 

I I I I t I 

CGCTGAAAAC^ICCACTTTGGCTAACGTCGCCATGGCTAAGAGATTCGCT 

AlaGluAsnXhzThrLeuAlaAsnValAlalOSXAlaLysArgPhaValAsnGlnHi&Lau 
250 260 270 280 290 300 

I I i I I I 

CTGCCGTTCCCACTTGGTTGAAGCTTTGTACTTGGTTTGCGGTGAAAGAGGT^ 
CysGlySerHlsLeuValGluAlaLeuTyrLeuValCyaGlyGluArgGlyPhePheTyr 

310 320 330 340 350 360 

I I I I I i 

CACCAAGGCTGCTAAGGGTATTGTO^CAATCCrGTACCl^^ 

ThrLysAlaAlaLysGlyllaValGluGlnCysCysThrSerXleCysSerLeuTyrGln 

370 380 390 400 

I I I I 

ATTGGAAAACTACTGCAGCTAGAC6GAGCCC6CAGGCTCTA6A 

LeuGluAsnTyrCysSer 



FIG. 5 
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FIG. A (CONT.) 
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